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INTRODUCTION 
The introduction of the European corn borer (Pyràusta nubiI a1 is 
(Hbn.)) into this country in 1910 brought immediate attention because of 
the severe damage it caused to the corn crop of the New England area. 
Control with available insecticides was not possible. Cultural practices 
recommended for reducing the population were ineffective. The continued 
spread of the corn borer toward the Corn Belt and lack of effective con­
trol measures made the need for resistant varieties of corn urgent. 
Early review literature of the United States Department of Agriculture 
indicates that this possibility was being considered within a few years 
after the introduction of the pest. By 1930 resistant germ plasm had been 
found and breeding programs were in progress. Selections were made, grown 
and tested in the field for resistance to corn borer feeding. The tests 
were based on several criteria: the number of borers present on dis­
section of the plant, the number of damage points visible, the number of 
tunnels in the stalk, and the amount of leaf or sheath feeding visible. 
After many years of field study the present method of field evalua­
tion evolved. This consists of planting replicated plots of the selec­
tions to be studied and artificially infesting some plots with a uniform 
number of egg masses, allowing natural infestation on some plots and heav­
ily spraying other plots to prevent any infestation. At a given growth 
stage the damage done to leaves and/or sheaths is rated visually and the 
replications averaged out. After several seasons the resistance char­
2 
acteristics of a selection can be ascertained accurately. The importance 
of this approach is borne out by the fact that there are now available in­
bred lines of susceptible and resistant corn whose characteristics are 
constant and predictable. 
Although this method has been fruitful, it is slow, costly, and time 
consuming. Therefore, workers in this area have felt a need for con­
trolled laboratory rearing of the corn borer for the purpose of assaying 
the resistance in corn and for working on the resistance mechanism. The 
development of an artificial diet by several recent workers made such 
laboratory studies possible. The following studies were then initiated 
to determine some of the problems of using a synthetic diet and the ef­
fectiveness of laboratory bioassays of resistance in corn. 
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REVIEW OF LITERATURE 
Historical 
The European corn borer (Pyrausta nubilalis (Hbn.)) is a pest of 
hemp, corn, hops, and millet in the Old World. Reports of damage to corn 
by this pest in Hungary, Rumania, Yugoslavia, Russia, and France are 
cited in the review of foreign literature by Caffrey and Worth1ey (1927)• 
The corn borer was first found in the United States in Massachusetts. 
The reports of its discovery came to the Massachusetts Agricultural Exper­
iment Station in 1916 and 1917. After rearing adults and having identi­
fications made, its presence was reported by Vina! (1917). The borer 
spread rapidly and by 1925 was found in New York, Pennsylvania, Ohio, and 
Michigan. It had also spread into Ontario, Canada where it caused severe 
damage. In 1942 the corn borer had reached Iowa, and by 1948 it had 
crossed the Corn Belt. In the United States Department of Agriculture 
Insect Pest Survey of that year Beck (1949) estimated that it caused a 
loss of 85,485»000 bushels of corn valued at $99,107,000. 
Biology of the Corn Borer 
Morphological descriptions of the corn borer have been published by 
Vinal and Caffrey (1919), Caffrey and Worthley (1927), Heinrich (1919), 
Flint and Mai loch (1920), Mosher (1919a) (1919b), and Buligan (1929). The 
earliest l ife history studies were reported by Vinal and Caffrey (1919)• 
Their description of the life history and feeding of the two-generation 
form found in New England at that time corresponds remarkably well with 
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the development seen in the Midwestern states at the present time. Other 
l ife history studies have been made by Caffrey and Worth 1ey (1927) in the 
Eastern states ; poos (1927), Ruber et_ £l_. (1928), and Barber and Dicke 
(1944b) (1945) in the single-generation area of Ohio; and by Drake et al. 
(1944) in Iowa. 
The eggs are deposited in masses, containing from five to fifty eggs, 
on the underside of the leaves. Upon hatching, the young larvae migrate 
to the whorl area, oriented by a positive thigmotropisrn, a negative photo-
tropism, and a positive saccharotrophism according to Huber _et_ aj_. (1928) 
and more recently Beck (1956b). There is considerable variation in the 
literature as to the feeding sites of the first instar larvae in the 
whorl. Vinal and Caffrey (1919) only mention feeding on the leaves and 
stress feeding on the developing tassel. Huber et a_L (1928) report that 
most young larvae feed in the sheath area. Cox (1955) reviews the litera­
ture of these differences and points out that the extensive studies of 
Barber and Dicke (1944a), and also of other workers, indicate that the 
first instar larvae feed on the etiolated tissue along the edge of the 
water line in the whorl. After molting, the second instar borers may 
attack the developing tassel or continue to feed on the basal portions of 
the whorl leaves. By this time the borer may start to move either into 
the tassel buds, tassel stems, or down to the ligule and sheath area. 
Barber and Dicke (1945) found the third instar larvae still around the 
whorl area but an increased number were feeding in the tassel bud and 
some larvae were tunnelling into the sheaths, tassel stems, and stalks. 
The fourth instar larvae were still found in the whorl and tassel but a 
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high percentage were found tunnelling in the stalk. Fifth instar larvae 
utilized stalk material almost entirely as food, boring into the stalk 
irrespective of growth stage of the plant, according to Huber et al. 
(1928). Beck (1957b) hypothesizes that the orientation of the larva 
feeding on the various tissues is based on the relative sugar content 
of the tissues available to the larva and the satisfaction of its various 
tropisms. Sixth, seventh, and eighth instar larvae have been reported by 
Vinal and Caffrey (1919) as occurring only when food supply was not ade­
quate. Under normal conditions the fifth stadium is the last and longest 
larval stadium. Experiments on nutritional requirements of the several 
instars are discussed by Beck (1956c). He contends that the larvae feed 
on tissue which best serves an increasing need for sugar and a decreasing 
need for protein. The saccharotrophism, hypothesized by the same author 
as orienting young larvae, does not seem to correlate with their low sugar 
requirement. However, glucose aids in detoxifying the Resistance Factor A 
present in the whorl leaves and thus protects the young larvae. 
The larval stage terminates when the larva spins a cocoon, either in 
a tunnel or upon a leaf surface, attaches the last abdominal prolegs, and 
molts its larval skin. The duration of the pupal stage varies with temper­
ature and moisture, but is noted by Vinal and Caffrey (1919) as ranging 
from 14 to 20 days under field conditions. First generation moths ovi­
posit on the underside of leaves, on the ears, and occasionally on the 
stalks. The second generation larvae feed on silks and husks according to 
Vinal and Caffrey (1919) and on pollen accumulated in the leaf axils. Pol­
len is their primary food during the early stages of development according 
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to Barber and Dicke (1944c), and other authors. The later instars may 
feed in the ligule and sheath area, then invade the stalk, or feed on 
the silks and kernels of the developing ear. The larvae then may tunnel 
in the stalk, ear shank, or cob. The winter is most common 1 y passed in 
these tunnels but experiments by Caffrey and Worthley (1927) indicate 
that the larvae may overwinter in leaf and grass debris or other plants. 
There is no observed molting in the spring, and pupation occurs between 
April 30 and June 1 in this area with moth emergence covering a period of 
about four weeks according to Weekman (1957). 
The European corn borer shows differences in the number of genera­
tions per year in different parts of the United States. In the Ohio area 
there is a tendency to have one generation per year. In the East, the 
Midwest, and the South there is a tendency to have two and possibly more 
generations per year. This is discussed in detail by Arbuthnot (1944) who 
considers these as definite strains differing by one gene pair. This be­
comes an important aspect of the resistance problem when one considers 
that resistance might be the presentation to a particular corn borer instar 
of an unfavorable growth st& : of the corn plant as suggested by Turner and 
Beard (1950). 
The host plant range of the corn borer is, if all reports are accur­
ate, quite wide. Caffrey and Worth ley (1927) report 141 different species 
of plants infested with the borer. Marshall (1926) l ists only seven plants 
in Ontario on which the life cycle is completed, with many others serving 
for shelter only. Hodgson (1928) reports a wide variety of actual host 
plants in the New England area. Dicke (1932), in surveying the host plants 
utilized in Ohio, made both field examinations and cage rearings with a 
variety of plants. He concluded that the borer could live on a variety 
of plants but in an area where corn was available the borer would invade 
only weeds in the field or plants close by. Beck (1956a) contends that 
the borer larva responds positively to a wide variety of plant material 
and therefore its feeding stimulus must be some widely distributed mater­
ial. Poos (1927) points out that it is very easy to confuse the three 
similar borers, the European corn borer (pyrausta nubi1 a1 is (Hbn.)), the 
smartweed borer (Pyrausta ainsiiei Heinrich) and the lotus borer 
(Pyrausta penitalis Grote). They are distributed over the same range, 
have similar alternate hosts, and are similar in appearance as larvae. 
Improper identification may account for some of the wide range of plants 
reported as infested by the corn borer. 
Development of Resistant Corn 
Early in the history of the corn borer in the United States a search 
for corn resistant to the pest was carried on. Caffrey and Worth 1ey 
(1927) mention that "None of the types, varieties, or strains of corn thus 
far tested has shown any practical immunity to corn borer attack except 
when involved with time of planting such varieties. 
"Those varieties of corn characterized by large stalks and ears have 
continued to exhibit a greater resistance to severe injury by the corn 
borer than the varieties which possess smaller stalks and ears." This 
would indicate that there was work being conducted but with no particular 
success at that time. Within a year, papers by Mars ton (1929), Meyers 
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0325) and others began to appear describing resistance in native var­
ieties and resistance in lines with germ plasm of Maiz Amargo incorpor­
ated into them. The method of study was mainly field observation of 
corns selected for other purposes. The resistance rating was based on 
the number of larvae present on dissection of all or a part of the corn 
in a plot. The level of infestation varied considerably from season to 
season, making the difficulties of uniform rating with this method quite 
obvious. Meyers £t aj_. (1937) present in their extensive paper a method 
of statistical analysis which takes into account these yearly differ­
ences in infestation level. To simplify this, Patch and pierce (1933) 
devised a method for producing egg masses in the laboratory so plots 
could be uniformly infested by hand. Ratings could be made more readily 
because the infestation level was high enough to show less obvious dif­
ferences in resistance. Results could be expressed in borers per plot 
with assurance that the original infestation was uniform. Later, Huber 
(1937) and Huber and Stringfield (1940) used a subjective rating based 
on observation of leaf feeding lesions rather than the number of borers 
found on dissection of plants. A uniform rating method of this type was 
later published by Neiswander, Blanchard and Dicke (1949). The rating of 
one to five was given for the injury done to a plant relative to the best 
and worst lines available for comparison. Ratings obtained by this tech­
nique correlate well with actual borer counts and would obviously allow 
the rapid screening of more material than by the older methods. Modifi­
cations of this method are in current use for rating resistance. 
The above methods of field study of corn resistance to corn borer 
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attack have yielded numerous inbred lines showing marked resistance. Ref­
erence to specific tests are contained in the following papers : Flint 
et aj_. (1942), Mars ton (1929), Neiswander and Huber (1929), Patch and 
Bottger (1937), Patch and Everly (1945), Patch e± aj_. (1942), Schlosberg 
and Baker (1948). Considerable progress has also been made toward an 
understanding of the genetics of corn borer resistance, see Penny and 
Dicke (1957)• In addition, numerous correlations have been made between 
borer population and growth of the corn plant in an effort to determine 
the variables affecting, and the cause of resistance. These papers cover 
such factors as date of planting, time of tasseling or silking, height of 
the plant, and fertility level of the soil. These papers have been sum­
marized adequately by Painter (1951). 
Studies on Resistance Mechanisms 
Tolerance is a facet of resistance which is defined by Painter 
(1951) as "a basis of resistance in which the plant shows an ability to 
grow and reproduce itself or to repair injury to a marked degree in spite 
of supporting a population approximately equal to that damaging a sus­
ceptible host." Patch (1950) and other authors make note of the fact 
that most hybrids show considerably less reduction in yield than open-
pollinated varieties. The good records of some high yielding hybrids 
such as A x Tr and hybrids using p8 suggest that ability to maintain yield 
under borer infestation is associated with the capacity for high yield, 
according to Patch et a_l_. (1942). 
The attractiveness of corn for oviposition has been studied or ob­
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served by many authors, Moore (iy2o) made a study of the odoriferous 
substances of corn. He found that cells of the epidermis produced an oil 
which was attractive to corn borers in an olfactometer test. Heiswander 
and Huber (1929) suggested that one of the factors of resistance was un­
attracti veness for oviposit ion by the moths. In an extensive study Patch 
(1942) reported that in a survey of fields in three states the number of 
egg masses was considerably greater in fields of tall corn. Moths were 
attracted to fields of tall corn from fields of shorter corn. This was 
noticed in the field and on experimental plots. Patch and Deay (1948) 
mention the unattractiveness of late maturing varieties to first brood 
larvae. Stirrett (1938) also noted that moths did not oviposit on corn 
plants until they were 15 inches in height. Beck (1956a) notes that when 
very young corn plants are incorporated in diets they stimulate feeding, 
but they are quite toxic to the larvae. Turner and Beard (1950) in a 
study on the midwestern inbreds 0h43, Ml4, 0h5lA, and WF9 did not find 
this preference for taller plants by ovipositing females; however, they 
did find a correlation with available leaf area. 
Mechanical resistance to larval feeding, particularly in the first 
instar stage, has been observed frequently and studied in some detail. 
Bottger (1940) noted that in the excrement of larvae feeding on suscep­
tible A x Tr there was no color and that it was fine-textured indicating 
complete digestion. In contrast the excrement of larvae which were fed on 
internodes of resistant Hy x R4 was coarse-textured and retained the orig­
inal color of the food. This was also noted in the observations of Barber 
and Dicke (1944a) who pointed out that larvae fed on etiolated leaf tis­
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sues or on pollen usually produced only dung, whereas those which fed on 
more mature tissue produced much frass. The young larvae then must spend 
much time chewing through indigestible material to get to a source of nu­
trition below the surface. They also observe that if lignification of the 
whorl leaves is considerable the larvae try to feed, leave to seek more 
favorable food and starve. Patch (1943) also points out that this pin­
point feeding on resistant Hy x R4 indicates that the larva made numerous 
attempts to feed but did not find suitable food. 
A detailed study of the corn plant at the stage of maximum resistance 
was made by Bell (1954) in order to correlate the structure of the resis­
tant and susceptible lines with the feeding and establishment of corn 
borer upon them. He noticed that larvae usually feed at first on the 
upper surfaces of the leaf where there are bull!form, guard, silicon, and 
epidermal cells. The pinhole feeding of the larvae starts on the bulli-
form cells, then they later widen the lesion. The bull!form cells have a 
thinner cuticle and apparently are easier to feed upon. A comparison 
showed that the susceptible WF9 and Ml4 have shallow but broad groups of 
bulliform cells. Feeding starts there and spreads out to all major epi­
dermal types. On W22 and L317 feeding starts on the narrow bulliform 
cell groups and then terminates abruptly. Other studies on the midrib, 
leaf collar, and leaf sheath showed tissues of susceptible lines to have 
less or thinner sclerenchyma spaced to make feeding easier. He also noted 
that the time when the resistant lines became susceptible to leaf feeding 
correlated with the time of transition from vegetative to floral develop­
ment. This transition occurs earlier in the susceptible lines than in the 
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resistant lines. There is no clue as to the relation between the change 
to floral development and the loss of resistance. 
Huber (1938) attempted to determine if the resistance shown by cer­
tain lines was merely due to the inability of the borer to get to the un­
differentiated tissue at the base of the whorl. He fed larvae the etio­
lated tissue from the whorl of several susceptible and resistant top-
crosses. The larvae on the whorl material from one resistant line were 
half as large as those on the susceptible material at the end of the ex­
periment. Unfortunately the data are somewhat scanty. Burditt (1955) 
utilized discs of leaf tissue taken from the whorl of resistant and sus­
ceptible lines. He was able to demonstrate differences in survival after 
larvae had fed on the leaf discs for several hours. 
Despite the fact that many investigators have studied the corn borer 
and resistance to its attack, the literature contains comparatively l ittle 
information on laboratory rearing, dietary requirements or assaying for 
resistance by laboratory methods. Recently there has been some interest 
in these aspects. Bottger (1940) published a preliminary investigation 
of the dietary requirements of the corn borer. He tested the digestive 
enzymes according to the method of Swingle (1928) and found an invertase, 
a lipase, and a protease. He reared larvae on various plants and plant 
parts and concluded that they had a sugar requirement for growth and a 
protein requirement for survival. He published on this aspect again, 
Bottger (1951). Later Bottger (1942) developed a eellulose-agar base 
synthetic medium on which larvae would grow and pupate with up to 36 per­
cent survival. Beck et ak (1949) modified and refined this diet to 
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achieve 90 to 100 percent pupation and survival and later developed ar. 
aseptic method with one of the authors, Beck and Stauffer (1950). In 
refining this diet it was found that the borer required an unknown 
growth factor found in green leaves of corn and other plants. This was 
termed the "corn leaf factor." Some additional work was done on its 
identity by Beck (1953) (1956a). He concluded that it was not a well 
known vitamin. He also determined that it was not an attractant or feed­
ing stimulant. In "borer-choice situations" it was a repel 1 ant. After 
24 hours the larvae became conditioned and fed on diets containing it. 
The work of Huber (1938) and Burditt (1955) are suggestive of a pos­
sible toxic or repellant material present in the whorl leaf tissue of 
corn. Beck (1951) mentioned that he had found a toxic substance in corn 
which was present in larger amounts in resistant than susceptible corn. 
The thesis of Loomis (1956) presents the preliminary characterization of 
three toxic substances present in extracts of corn, ether-soluble Factor 
A and ether-insoluble Factor B and Factor C. Factor C is termed ether-
soluble in a later paper by Beck and Stauffer (1957). Factor A has been 
determined by Smissman et a]_. (1957) to be identical in characteristic 
to 6-methoxy, 2(3)-benzoxazolinone. This substance was extracted from 
corn and wheat and identified by Vi rtanen et^ aL (1956). They note that 
it is an anti-fungal factor and that it and related compounds probably 
comprise the main agents acting against microbes in the grasses. 
Bioassays with the corn borer and PeniciIlium were used to test con­
centrations of these materials in various plant varieties, plant parts, 
and as related to planting date. Results of these assays can be found in 
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Loomis (195&), Beck and Stauffer (1957), and Beck (1957a) (1957b) (1957c). 
Varietal differences were not found by Loomi s (1956) in the original work 
on this problem. Beck (1957c) later presents data showing more Factor A 
in resistant lines W22RB, W210D, and W22 than in susceptible lines WF9 and 
W204. Factor A was present in large amounts in seedlings grown in the 
light, according to Loomis (1956). Beck (1957c) reports that the resis­
tant lines showed higher Factor A activity in the whorl leaves than the 
susceptible. V/F9 has very low activity in the whorl, while V/22RB showed 
higher concentrations. The tassel contains relatively large amounts very 
early in development but this rapidly declines as the tassel matures and 
becomes available for feeding. The sheath and internodes of W22RB were 
unique in developing high concentrations of Factors B and C after the 
whorl opened up. Factor A declines during the growth of the plants of 
all lines. Unfortunately, there were no data given with the last paper 
of Beck (1957a). This makes comparison and evaluation of these state­
ments difficult. 
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MATERIALS AND METHODS 
Technique Development 
Preparation of a standard diet 
The aseptic rearing of corn borer larvae under controlled conditions 
and on an artificial diet seemed like a promising possibility as the basis 
of a bioassay of corn for resistance to the attack of the corn borer. 
Since several diets had been published by Beck (1949) (1950) (1953) and by 
Beck and Stauffer (1950), it was deemed desirable to adapt a standard diet 
and test it. The diet finally used is shown in table 1. The substitu­
tions were made to facilitate diet preparation. 
The diets were mixed according to the procedure of Beck and Stauffer 
(1950). The ingredients were weighed out and the agar cooked on a steam 
bath with a portion of the water for 5 minutes. The remaining ingredients 
and water were then added and heated on a steam bath, while stirring, for 
15 additional minutes. The medium was then poured into a 5 x 9 cm. crys­
tallizing dish to a depth of 3.5 cm. and covered with a Petri dish lid 
lined with filter paper. The lined lid prevented condensation moisture 
from dripping onto the surface of the medium. 
Several modifications were made to reduce the tedium of diet mixing. 
To avoid the difficulty of weighing small quantities of the very hygro­
scopic choline chloride, it was made up in a distilled water solution of 
appropriate strength. Cholesterol was ground according to the suggestions 
of Vanderzant and Reiser (1956), or put into solution in the corn oil in 
order to get adequate dispersion of this material throughout the medium. 
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Table '. Standard diet for corn borers. 
Ingredient Amount mg./gm. 
Percent 
dry diet 
Water 125.00 ml. 850 0 
Bacto-agar 3.35 gm. 22.8 15.3 
Cellulose 2.70 " 18.3 12.3 
Glucose 5.475 " 37.3 25.0 
Casein 5.475 " 37.3 25.0 
Cholesterol 0.219, " 1.4 1.0 
Corn oil with 1% alpha tocopherol3 0.219 1.4 1.0 
Salt mixture0 0.437 " 2.9 2.0 
Brewer's Yeast 2.188 " 14.8 10.0 
Choiine chloride 0.087 " 0.5 0.4 
Leaf Factor Extract^ 1.750 " 11.9 8.0 
^Substituted for 1inoleic acid and alpha tocopherol as in Beck 
(1953). 
^This is added as 0.236 ml. 
cThis is the Salt Mixture No. 2, Nutritional Biochemicals, Inc., 
Cleveland, Ohio. 
^This is the expressed sap of grasses, available through Cerophyl 
Co., Inc., Kansas City, Missouri. The material used was from Lot No. NB. 
Sterilization of the medium was carried out at 15 pounds pressure 
for 25 minutes minimum time. It was found that the heterogeneous con­
sistency of the medium made it essential to reduce the steam pressure 
very slowly to prevent violent boiling. This would cause a loss of part 
of the cellulose and some of the liquid content. After removal from the 
16 
autoclave the dishes of medium were swirled every 10 or 15 minutes until 
the agar hardened. This prevented layering of the various constituents. 
The dish was then refrigerated to improve its cutting consistency. 
After testing readily available vials of several sizes, a 19 x 65 mm. 
shell vial was chosen. When fi l led approximately half full there was 
more than ample medium for feeding a corn borer through its larval l ife. 
Before fil l ing the vials, a transfer box, as seen in figure 1, was 
washed with an antiseptic solution of 1:1000 bichloride of mercury or 
sprayed with a 800 ppm. Rocca1' solution. All transfers of sterile mater­
ials were then carried out in this box. 
Transfer of the sterile medium from the dish to the vials was accom­
plished by cutting plugs of the material and transferring them to the cot-
ton-stoppered sterile vials as pictured in figure 2. The sterile plug-
cutter consisted of two test tubes. The outer tube was 18 mm. wide, cut­
ting plugs slightly smaller than the diameter of the vial receiving the 
plug. The end was cut off and a slightly smaller test tube fitted inside 
to act as a plunger. 
To place sterile eggs in the fil led vials the procedure of Beck and 
Stauffer (1950) was followed exactly. Early blackhead egg masses were 
digested apart with a trypsin solution^, rinsed in five changes of dis­
til led water, washed with 40 percent ethyl alcohol and sterilized in a 
1 An alkyl-dimethyl-benzyl ammonium chloride antiseptic produced by 
Winthrop-Stearns Co., Inc., New York 18, New York. 
%A 2 percent solution of 1-300 trypsin in a 0.05 M phosphate buffer 
adjusted to pH 8.0. 
Figure 1. The box 
carried 
in which all sterile transfers were 
out. 

Figure 2. Cutting a plug of sterile medium. 
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solution of 2 percent sodium hydroxide in 2 percent formaldehyde. The 
separated, sterilized eggs were then pipetted into 70 percent ethyl al­
cohol . They were then picked up individually with a dropper pipette and 
placed, with a drop of the alcohol, on the medium in the vials. The 
mouth of each vial was flamed and the sterile cotton stopper replaced. 
The vials were labeled appropriately and placed in the racks of a 
constant temperature box. This particular box was held at a temperature 
of 80° F.+ 1° F. The humidity varied considerably but ranged between 50 
percent and 80 percent relative humidity. 
Several problems pertaining to the sterilization of eggs were en­
countered early in this work. The published procedure of Beck and 
Stauffer (1950) for the sterilization of eggs is very tedious and time 
consuming to carry to completion. The trypsin solutions used are not 
stable, requiring fresh solutions each time they are used, and constant 
refrigeration for the unused portions. The sodium hydroxide-formaldehyde 
egg sterilizing solution must be renewed every 10 days. If eggs remain in 
the 70 percent ethyl alcohol transfer solution for more than 20 minutes 
they frequently fail to hatch. To determine if this portion of the tech­
nique could be simplified the modifications seen in table 2 were attempted. 
Standard diets were prepared and sterile vials fil led with medium. 
Blackhead egg masses were digested apart in a trypsin solution. The indi­
vidual eggs were then passed through one of the sterilizing procedures 
listed in table 2. All final changes from the sterilizing solution to 
the transfer solution were made in the clean transfer box. Individual 
eggs were then pi petted with a dropper from the transfer solution into 
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the vials of the sterile medium. Data were then taker; on hatching, con­
tamination, mortality, and pupation rate. The criterion of contamination 
was the presence of visible colonies of bacteria or fungi or detection of 
any abnormal odor when the larvae were weighed. 
Table 2. Comparative egg sterilization procedures. 
Trypsin digest 
(2) (3) 
Distilled water Detergent rinse^ 
two changes 
Roccal solution^ Distilled water 
0)1 
Distilled water 
five changes 
40% ethanol 
Disti1 led water 
Steri1i zing 
solution? 
Sterile water 
Sterile water 
transfer 
Roccal solution^ 
Sterile water 
(4) 
Distilled water 
two changes 
Clorox 
solution^ 
Ster i1e water 
Steri1e water 
transfer 
70% ethanol Sterile water 
transfer transfer 
^The method of Beck and Stauffer (1950). 
dilute Tide solution. 
^Commercial preparation diluted to 800 ppm. 
%i luted to 1:5» 
2 percent sodium hydroxide - 2 percent formaldehyde solution. 
Beck (1956) had some of these same difficulties in his laboratory. 
He did not change the sterilizing sequence but instead let the sterile 
eggs hatch in a Petri dish of sterile agar. He then transferred the ster 
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figure 3« This method is currently being used by the author because it 
eliminates the uncertainty of whether an egg will hatch. 
Lacking a single criterion, the evaluation of the response of the 
borers to the diet on which they fed was done with several measurements. 
One of these was the weight of the larva or the pupa at the end of a cer­
tain number of days. A Roller-Smith' balance of 2000 mg. capacity was 
used for these necessarily rapid weighings. For determining the size of 
the several instars of a specific corn borer the cast larval head cap­
sules were collected from the vial. The width of the head capsule at 
the widest point was measured with an optical micrometer. This measure­
ment was shown by Beck (1950) to bear a straight line relationship to the 
weight of the larva. The date of pupation was usually taken and the pupae 
were sexed by the method of Caffrey and Worth ley (1927). Data were then 
separated by sexes to determine any possible differences. 
Leaf factor deficiency tests 
In early test rearings it was noticed by the author that some moths 
were showing wing abnormalities. Microscopic examination of specimens 
showed these aberrant forms had atypical wing pigment patterns, scales 
were abnormally formed and in extreme cases the wings were not unfurled 
at emergence. The range of abnormalities can be seen in figure 4. 
In a personal communication Beck (1956) informed the author that 
these abnormalities were due to a leaf factor deficiency. 
! Roller-Smith Co., Bethlehem, Pennsylvania. 
Figure 3« Transferring a sterile larva with a bacterio­
logical loop. 

Figure 4. The range of abnormalities seen in moths reared 
on leaf factor deficient diets. 
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The source of leaf factor used in most of the diets was an ex­
pressed sap of some grass, which was vacuum-drum dried. The material 
was a greenish-brown hygroscopic powder with a malt-like odor. On 
exposure to the air i t became quite tarry. It was available as Leaf 
Factor Extract from Cerophyl Laboratories, Inc., Kansas City, Missouri. 
Unfortunately, this company is no longer in existence. The author was 
unable to obtain additional extract or information about the material 
previously purchased. 
The gradual loss of leaf factor activity by this material apparently 
caused the appearance of deficiency effects in the moths. Subsequently, 
comparative tests of diets such as seen in table 3 were made at intervals 
to test the activity of the leaf factor material. The larvae were 
allowed to pupate in the vials containing the medium. The pupae were 
then removed to an emergence cage. When the moths emerged the wings 
were readily observed grossly and classified as normal or abnormal. 
Characteristics of the corn borer on a standard diet 
After working out some of the problems of rearing, i t was decided 
to rear through a large number of borers on the standard diet. By using 
sufficient numbers, the variability to be expected in the development 
and weight of the corn borer could be ascertained. 
The standard diet used throughout the experiments is given in table 
4. Eight such diets were mixed individually, the plugs cut and eggs put 
on each vial according to the method of Beck and Stauffer (1950). The 
vials were appropriately marked and placed in a constant temperature box 
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2X 4x 
Standard Standard Standard 
Water 227.00 ml. 227.00 ml. 227.00 ml. 
Agar 6.12 gm. 6. 1 2  gm. 6.12 gm. 
Cellu lose 4.92 " 4.92 ! 2 4.92 " 
Glucose 10.0 " 10.0 1 1 10.0 " 
Casein 10.0 11 10.0 1 ! 10.0 " 
Cholesterol 0.4 " 0.4 11  0.4 
Corn oil plus 1% tocopherol 0.37 ml. 0.37 ml. 0.37 ml. 
Salts 0.8 gm. O
 
CO
 
to
 3 0.8 gm. 
Brewer's Yeast 4.0 " 4.0 II 4.0 " 
Choiine 0.16 " 0.16 t 1 0.16 " 
Leaf Factor Extract 3.2 6.4 12.8 " 
to be incubated at approximately 80° F. 
Daily observations were made on each larva. The date of hatching, 
contamination and mortality were recorded. By counting the number of 
cast head capsules the progression through the various instars was fol­
lowed. Fortunately these head capsules usually are visible through the 
side of the vial because the borer larva pushes them out of the silken 
tunnel in which i t is feeding and into an open place at the end of the 
tunnel. Pupation date was recorded if it occurred before the date of 
weighing. 
At 17 days all .larvae or pupae were removed from their vials. They 
were then weighed and if they had pupated their weight and sex were re­
corded. If they had not pupated, the larvae were placed in a screen-
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to the incubator until they did pupate. Usually this took only a few 
days. The pupation date was recorded and the pupae were then transferred 
to individual small, emergence cages. These cages were pint ice cream 
cartons with the bottom replaced by a screen wire disc, the inside lined 
with screen and the top covered by a Petri dish l id. These were quite 
convenient for examining the newly emerged moths. The date of emergence 
and the condition of the moth were recorded, i.e. the condition of the 
wings and the success of emergence from the pupal exuvia. 
Table 4. Standard diet used in rearings. 
Ingredient Amount 
Water 375 ml. 
Agar 10.0 gm. 
Cellulose 8.1 11 
Glucose 16.4 " 
Casein 16.4 " 
Cholesterol 0.657" 
Corn oil plus 1% alpha tocopherol 0.771 ml. 
Salts 1.3 gm. 
Brewer's Yeast 6.6 11 
Choline chloride 0.263" 
Leaf Factor Extract 5.3 " 
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Bioassays of Hybrids 2nd Inbreds 
Tests of some Ohio single-cross hybrids 
In the summer of 1956 some lyophi1i zed corn material, collected at 
the Ohio Agricultural Experiment Station at Wooster, Ohio by Dr. E. T. 
Hibbs, was given to the author to incorporate into diets. The samples 
were material from medium and late maturing single-crosses. Whole plants 
had been cut just prior to tassel eclosion, and subsequently frozen and. 
lyophi1 ized.  The dr ied corn had then been ground in a Wi ley Mi l l .  The 
corns included in the diets are l isted with some of their characteristics 
in table 5 below. 
Table 5. Single-cross hybrids used in bioassay. 
Maturity Rating Source 
Early Resistant 0h5lA x 0h07 
Early Susceptible 0h26 x Oh65 
Early Susceptible L289 x 1205 
Late Resistant Hy x L3'7 
it was decided to try to incorporate some of this material into a 
diet to determine if the presence of plant material from a susceptible or 
a resistant corn could change the growth characteristics of the larvae. 
The diets used are given in table 6. Eggs were digested apart and ster­
il ized according to the method of Beck and Stauffer (1950). The eggs 
were then placed on sterile agar to hatch. After hatching the sterile 
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Table 6. Diets used in bioassay of single-cross hybrids. 
Control Assay 
Ingredient diet diet 
Water 375.0 ml. 270.0 ml. 
Agar iO.O gm. 4.6 gm. 
Cellui ose 6.0 " 3.1 " 
Glucose 16.4 7.5 " 
Case!n 16.4 7.5 11 
Cholesterol 0.657 " 0.300 " 
Corn oi1 plus 1% alpha 
tocopherol 0.771 ml. 0.324 ml. 
Salts 1.3 gm. 0.6 gm. 
Brewer's Yeast 6.6 " 3.0 " 
Choiine 0.263 " 0. 120 11 
Leaf Factor Extract 7.0 " 0 " 
Corn leaf 0 " 3.0a " 
aLeaf Factor Extract was deleted from the diet since corn should 
contain this material according to Beck at a_L (1949). 
Larvae were placed on the diets on three different dates as suffic­
ient egg masses became available. An equal number of larvae were placed 
on each diet at each of the three dates to prevent any differences in egg 
masses from exerting an excessive effect on any one diet. The larvae 
were allowed to develop to pupation without any handling. On the date of 
pupation the weight and sex of the pupa were recorded. In the l ight of 
later work this was not the appropriate time to take a weight and expect 
to find differences between treatments. Also, many larvae did not pupate 
which meant that weight records were incomplete. However, the head cap­
sules were removed from each vial and measured with an optical micro­
meter. This gave a record of development for each stage of every larva 
in the experiment. Although this measurement was very tedious it yielded 
valuable information for this experiment. 
Bioassay of four inbred lines 
After some favorable results with the single crosses it was decided 
to test several inbred lines known by field study to represent the ex­
tremes in susceptibil ity and resistance. On the advice of Mr. F. F. Dieke 
of the Ankeny Corn Borer Laboratory, four inbred lines of corn were chosen 
for use in this bioassay. The l ines WF9 and Ml4 were chosen as suscepti­
ble lines. The inbred WF9 has good agronomic characteristics and is ex­
tensively used in making up commercial hybrids. It is highly susceptible 
to attack by the two generations of the European corn borer. The other 
susceptible l ine, Ml4, also has good agronomic characteristics and simi­
larly is highly susceptible to attack. The resistant l ine A295, a Min­
nesota inbred, was chosen for its first generation leaf feeding resistance. 
The inbred W22R, a Wisconsin l ine, was chosen for its resistance to first 
generation leaf and sheath feeding. 
After the normal soil preparation, the four inbred lines were planted 
in the Insectary garden at Ames. The seed was planted in rows at a dis­
tance of about 6 inches apart. Later i t was thinned by the sampling of 
young plants. 
Samples were cut and processed at intervals throughout the early 
growing season. Corn which is resistant to corn borer may show this re-
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sistance in certain tissues at different growth stages. Because of these 
variations in the manifestation of resistance, the samples were taken at 
the intervals and plant heights shown in table 7. Two measurements of the 
plants were made at the time of cutting, the extended height and the tas­
sel height. Extended height is usually defined as the distance from the 
ground to the tip of the longest leaf when the leaves are extended upwards. 
Table 7. Average extended height and tassel heights of four inbred l ines. 
WF9 Ml 4 A295 W22R 
1st cutting 
Date 
Height (inches) 
6/21 
8.1 
6/21 
7.67 
6/16 
6.94 
6/21 
7.52 
2nd cutting 
Date 
Height (inches) 
6/24 
12.2 
6/24 
1 2.0a 
6/24 
15.0a 
6/24 
12.0 
3rd cutting 
Date 
Height (inches) 
Tassel " 
7/6 
40.2 
5.1 
7/8 
39.1 
9.4 
7/9 
40.9 
18.15 
7/7 
42.0 
8.72 
4th cutting 
Date 
Height (inches) 
Tassel " 
7/11 
52.1 
23.5 
7/13 
45.5 
22.7 
7/12 
53.4 
24.3 
7/14 
49.9 
35.5 
aBased on an estimate of the heights of these plants and not an 
actual measurement. 
Tassel height is the distance from ground level to the tip of the devel­
oping tassel. It is found in young plants by splitting the plant up the 
center and following the developing nodes to the tip which is the tassel 
bud. Luckmann and Decker (1952) have proposed a ratio of these two meas­
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urements as a means of measuring the physiological maturity of plants. 
The f irst samples were taken between June 16 and 21. They consisted 
of whole plants between 6 and 8 inches extended height. The second samples 
were cut on June 24 when the average extended plant heights were 12 inches. 
These samples consisted of whole plants taken from each of the four l ines. 
The third sampling was made between July 6 and 10. The extended plant 
heights were approximately 41 inches and the heights of the tassels were 
approximately 9 inches. Each of the corn plants in this sampling was sub­
divided into parts by the method described in the paragraph below. The 
fourth set of samples was taken when the extended height ranged from 45 to 
65 inches and the tassel height from 25 to 37 inches. These plants were 
also divided Into several parts. After the fourth cutting the tassels were 
exposed on many plants. At the time the tassel appears the larvae shift 
their feeding site from the leaf blade to the tassel. Therefore, leaf 
feeding resistance would not be effective so no further leaf samples were 
taken. The final sampling consisted of the green spikelets fi l led with 
pollen which were stripped off the tassel. 
The plants of the third and fourth samples, i.e. the 40 and 50 inch 
plants, were cut as follows. The plant stalk was severed at ground level. 
Then the whorl was removed by severing the whorl leaves at the last exposed 
leaf collar. The exposed leaf sheaths were cut off and separated into a 
subsample. The stalk was then split down the center and the tassel height 
taken. The two outside leaves of the whorl leaves were discarded and an 
8 inch basal portion of the whorl leaves was cut off, discarding the leaf 
tips. This 8 inch section of whorl leaves was then unrolled. The etio­
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lated lower portion, i.e. the area wnere water is usually found, was sep­
arated off and designated as ' 'wet whorl." |t is in this region where a 
high percentage of the young larvae first become established and survive. 
It is therefore the site of effective leaf-feeding resistance factors. 
The more mature, chlorophyllous tissue distad of the wet whorl was separ­
ated off into another sample designated "dry vjhorl." The midribs were re­
moved from all leaves on the assumption that midrib tissue plays l itt le 
part in the susceptibil ity or resistance to the establishment of f irst in-
star larvae. It was reserved as a subsample designated "midribs" to use 
as a comparison with the other plant parts. 
By using this method of sampling each l ine had four samples taken at 
different dates. Two samples were of whole plants of approximately 6 
inches and 12 inches extended height. Two samples were taken at approx­
imately 40 inches and 50 inches extended heights. These were subdivided 
into plant parts designated as wet whorl, dry whorl, midribs and sheaths. 
One sample was taken of tassel material. This made a total of 45 sub-
samples to be tested in diets. 
In order to prevent deterioration of the plant material i t was cut 
before eight o'clock in the morning. The samples were measured, weighed 
and frozen on dry ice within a few minutes after cutting. The frozen 
material was placed in a lyophi1izing apparatus and dried. Usually this 
required about 24 hours. After the material was dry i t was stored in 
amber bottles with a vial of dessicant. 
To bioassay this plant material for the presence of any toxic or 
inhibitory substance i t was desirable to have the concentration of corn 
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as high as possible in the medium used for the test organism. It also 
was necessary to insure an adequate diet so dietary deficiencies would 
not be confused with inhibitory effects. The diet which was used is 
shown in table 8. 
Table 8. Diet for the bioassay of inbred lines. 
1ngredient 
mg./gm. 
wet weight 
Amount for 
2000 grams of diet 
Dry plant (10%) 
Water (90%) 500.0 1000.0 gm. 
3 % = = i .  429.4 
13.3 
858.0 ml. 
26.6 gm. 
Glucose 18.0 36.0 " 
Casein 18.0 36.0 " 
Brewer's Yeast 
Choiine 
14.8 
0.5 
29.6 " 
1.0 (2 ml.) 
Choiesterol 
Corn oil plus 1% alpha tocopherol 
1.5 
1.5 
3.0 
3.0 (3.24 ml.) 
Total 1000.0 999.2 
The dry corn tissue was ground in a Waring Blendor. It was then 
hydrated to 90 percent water content with distil led water. This wet 
weight of corn constituted one-half the bioassay diet or 500 mg./gm. wet 
weight. An equal weight of a previously weighed and mixed materials 
representing the remainder of the diet l isted in table 8 was added to 
this corn. This material was essentially the standard diet, with some 
modifications to allow the addition of the large amount of corn. The 
3 percent agar soiucion was une carrier. ii*ic cciiuiose usualiy scdsu ss 
non-nutritive bulk in a standard diet was deleted because of the high cel­
lulose content of the corn incorporated in the bioassay diet. The amount 
of glucose and casein was reduced from the usual 36-37 mg./gm. present in 
the standard diet to 18.0 mg./gm. of diet. The purpose of this change 
was to provide for the addition of more corn to the medium. Beck (1956c) 
showed that 18.0 mg./gm. of glucose and casein were an adequate minimum 
concentration. The Brewer's Yeast, choline chloride, cholesterol and corn 
oil were maintained at the level used in the standard diet. Since the min­
imal amounts of these nutrients required by the corn borer were not known 
with certainty, i t was considered best to maintain them at the usual 
level. The small quantity of salts used in a standard diet was deleted 
because the required salts would undoubtedly be present in the dry corn 
added to the bioassay medium. 
The nutrient portion of the diet was weighed out and mixed with the 
corn. The mixture was cooked and stirred continuously on a steam bath for 
15 minutes. After cooking, the mixture was placed in the crystallizing 
dishes and autoclaved as previously described, plugs were cut and placed 
in vials under aseptic conditions. The process from the grinding of the 
corn leaf to putting eggs or larvae on the sterile vials of medium re­
quired approximately one and a half days. 
In most of the test runs sterile larvae were put in the vials. On 
several occasions, however, i t was necessary to use sterile eggs. This 
required that a "Day One" be adopted in order that all animals in all test 
runs have an equal time to feed and grow. This was then defined as the 
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first day that the larvae could feed. The day on which larvae were placed 
on a diet was considered as the first day of feeding for that diet. For 
runs on which eggs were used, the first day of feeding was considered to 
be the day after the eggs were placed in the vials. All eggs had usually 
hatched in that interval. 
The vials were incubated in a constant temperature box at 80° F. and 
70 percent relative humidity. As the experiments progressed a second box 
was added. This second box, however, did not have a cooling unit, and the 
high room temperatures of midsummer caused considerable temperature vari­
ation in the incubator. After trying unsuccessfully to control the fluc­
tuating temperature i t was decided to move all diets to one environment. 
The Insectary rearing room, with a constant temperature unit set to main­
tain the room at a temperature of approximately 80° F. and a 40 percent 
humidity, was chosen. All vials were moved to that room. The trays of 
vials were placed on the metal slides of a rat cage carrier. The carrier 
was draped with black denim curtains to reduce the temperature fluctua­
tions typical of this type of a constant temperature unit. The draping 
also minimized the possible effect of l ight on the developing larvae. 
On the twenty-first day of incubation the vials were examined. The 
number of larvae which had died in early or late instars was recorded. 
The pupae were removed, weighed and sexed. To determine if feeding on 
the various plant parts affected emergence or wing pattern, the pupae 
which had fed on 50 inch plant material were put in the small cartons 
used to observe emergence. 
Larvae which were close to pupation were returned to their vials and 
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ieft for three more days. This was the maximum time before mold growth 
became heavy on the remaining medium. The vials were then re-checked, 
the new pupae sexed and put in the emergence cartons. The remaining 
vials were discarded. Records were kept on the emergence date, sex and 
condition of the wings of all moths grown on f ifty inch plant material. 
The larvae and pupae are readily observed when grown in the vials. Fig­
ure 5 shows two larvae and a pupa as they appeared in vials of medium 
used in these experiments. 
Figure 5. Larvae and pupa in sterile vials at the ter­
mination of an experiment. 
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results and DISCUSSION 
Technique Development 
Steri1ization tests 
The series of comparisons of methods of egg steril ization were set 
up to find a less complicated and time-consuming method than that of Beck 
and Stauffer (1950). The steril izing solutions were selected because 
they were known to be good antiseptics and were readily available. The 
substitution of sterile distil led water for transferring eggs to vials 
or to sterile agar was made to remove the toxic 70 percent ethanol solu­
tion from the sequence. 
The results of these trials are presented in table 3. The f irst 
treatment shown is the steril izing technique used by Beck and Stauffer 
(1950). The other four are modifications of this technique involving the 
use of an antiseptic which is easy to prepare, and sterile water transfer 
solutions. 
The figures shown do not indicate that there are any marked differ­
ences between the treatments in regard to mortality or contamination. 
Neither the Roccal solution nor the Clorox solution caused any marked mor­
tality. The contamination level was low on all treatments but was lower 
on the Roccal and Clorox treatments than on the procedure used by Beck and 
Stauffer (1950). 
A practical advantage of the Clorox treatment is that sodium hypo­
chlorite breaks down readily into non-toxic compounds. Roccal, conver­
sely, is a relatively stable compound, its toxicity to the corn borer 
Table 9. Comparison of the effects of using several methods of egg steril ization. 
Effect on eggs 
Treat­
ment Wash 
No. of percent Percent 
Anti- Steril izing Transfer vials Con- of total pupation 
septic time solution started Hatched taminated Died surviving 21 days 
(Minutes) 
1 0  
10 
5 
1 0  
3 
4 
Water 
40% 
ethanol 
Water 
Deter­
gent 
Water 
NaOH 
CHOH 
Rocca1 
800 ppm 
Clorox 
1 part 
in 5 
70% 
ethanol 
Ster i1e 
water 
•35 
1 6  
1 8  
35 
11 
34 
15 
13 
32 
11 
2 
0 
0 
2 
88.7 
61.0  
85.8 
0 100 
9 1 . 2  
87.4 100 
72.7 
80 .0  
45.5' 
aThis sequence did not involve the same diet and is not strictly comparable for this reason. 
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has not yet been tested but there Is always the possibility of such an 
effect. Also, after treating eggs with this compound the eggs tended to 
adhere to dropper pipettes and to the dishes used in the steril izing proc­
ess. This made the sterile transfer of eggs more difficult. 
Further critical testing of these techniques to determine the best 
sequence is very desirable. However, several hundred vials have been 
started with eggs steril ized by the Roccal-sterile water sequence with 
good results. There is no indication that the Clorox sequence would not 
perform as wel1. 
Leaf factor deficiency tests 
Included in each diet formulation for the rearing of the European 
corn borer was the Leaf Factor Extract procured from the Cerophyl Labora­
tories, Inc. This product was included as a source of the leaf factor 
hypothesized by Beck et_ a]_. (1949) and described further by Beck (1953). 
Complete lack of this factor resulted in low weight of larvae and fail­
ure of 60 to 80 percent of the larvae to pupate according to the results 
of Beck et aj_. (1949). The presence of the factor in sufficient amount 
produced large larvae which pupated and emerged as normal moths. A slight 
deficiency of this leaf factor caused an abnormality in the wings or a 
failure to emerge properly, according to a personal communication from 
Beck (1956d). These abnormalities were also observed in this study and 
are shown in figure 4. 
When wing abnormalities were observed among the moths reared on 
experimental media, a series of diets with increasing amounts of the 
extract, as outlined in table 3, were formulated. Larvae were reared on 
46 
i-hc d i Ct-3 , LmCH umC SuCCCSS of iTiOtn SmêTy3HCC ailu tfic Wiiïy COfiû i c i Ou iVci'c 
observed. 
The results of such a comparative test can be seen in figure 6. The 
number of abnormal moths decreased rapidly as the amount of leaf factor 
was increased. When the data were classified as to sex and plotted on 
the basis of weight, two distinct curves resulted. The males apparently 
required less leaf factor than females to produce normal wings. This cor­
roborates the observations of Beck (1953) who found a lower leaf factor 
requirement for males than for females. 
When the Leaf Factor Extract compound was stored it gradually lost 
its leaf factor activity. The amount required to produce normal moths 
gradually increased. Table 10 shows the decreasing activity of the Leaf 
Factor Extract over a period of 3 years. This gradual decrease in activ­
ity necessitated the occasional comparative test using several concentra­
tions of Leaf Factor Extract to determine the correct level required for 
optimal growth. 
The requirement of the corn borer for this unknown factor made sev­
eral types of experimentation difficult. It was not feasible to experi­
ment with the nutritional requirements of the borer when this concentrate, 
containing all the ingredients of expressed plant sap, were required in 
the medium. The results of a bioassay were always in doubt because poor 
growth might be due to a leaf factor deficiency rather than an inhibitory 
effect of other dietary factors. If further laboratory rearing of the 
corn borer is to be carried on, the problem of the nature of the corn 
leaf factor is one of the most urgent problems to be solved. 
Figure 6. Results of a typical leaf factor content test. 
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Table 10. Reduction in leaf factor activity of the Leaf Factor 
Extract. 
Percent Percent 
Date of the No. of Amount of normal abnormal 
experiment moths extract moths moths 
mg/gm 
3/30/55 37 11.9 100 0 
4/6/56 17 12.0 28 72 
2/21/57 25 12.0 6 94 
2/21/57 23 46.3a 96 4 
aThe amount required to produce normal moths. 
Characteristics of the corn borer on a standard diet 
To determine the problem of rearing corn borer larvae on an arti­
ficial diet, a series of six diets was prepared. These were uniform in 
content, as described in table 4. Observations were made daily on the 
individual larvae. The rate of instar progression, mortality of larvae, 
contamination, pupation date, sex of pupae, and time of emergence were 
recorded. 
Mortality among the larvae was primarily restricted to two stages 
of their l ife history. Immediately prior to, or after hatching 9 percent 
of the total started died as a result of (1) being unable to emerge from 
the egg, or (2) being unable to feed after hatching. Another 8 percent 
of the starting larvae died in the fifth instar. Mortality among the 
hatching and f irst instar larvae has been reduced by changing the ster­
il ization methods and by placing sterile larvae on the diets instead of 
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using sterile eggs. Mortality occurred among the older larvae on nearly 
all of the diets. The basis for this mortality is not readily understood 
since the larvae did not die suddenly, but seemed to become less active 
and finally ceased all movement. There is the possibility of egg trans­
mitted diseases such as Perezîa infection, gradually reducing the strength 
of a larva. Further study of this would be very desirable since one of the 
problems of data analysis of a corn borer bioassay is the unequal numbers 
of individuals brought to maturity on any treatment. 
Instar progression data were recorded by daily counting the number of 
head capsules in each vial. Such figures were kept for all diets to 
determine the uniformity with which the larvae molted. Table 11 shows 
the rate of development by days. The day on which 50 percent or more of 
Table 11. Instar progression in days3. 
Instar 
Diet Hatched 2 3 4 5 First pupa 
Days Days Days Days Days Days 
A 1 3 6 8 11 15 
B 1 3 5 8 11 17 
C 1 4 6 9 12 17 
D 1 3 6 8 11 17 
E 1 4 6 8 12 17 
F 1 3 5 7 1 1 17 
aFi fty percent of the individuals in a given stage. 
the individuals on a diet reached a given stage is recorded in the table. 
The f irst column of data shows that 50 percent or more of all eggs hatched 
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on the first day after the eggs were placed on the medium. The remain­
ing columns indicate the day on which 50 percent or more of the larvae 
reached the instar given in the column headings. The rate of development 
was fairly uniform between diets. Even the data taken on individuals 
feeding on the same diet showed very small variations. 
The dates of pupation were recorded for all larvae. If pupation 
did not occur prior to the day when all the corn borers were weighed, 
the larvae were placed in a screen-capped vial with a piece of moist 
f i lter paper and were observed until pupation occurred, pupation usually 
took place within a week. Table 12 shows the distribution of days to 
pupation for all diets in this experiment. The totals of all diets indi­
cate that maximum pupation occurred on the eighteenth day. Eighty-three 
percent of the larvae pupated between the seventeenth and the twentieth 
days of development. The larvae on diets A, B, and C distinctly showed 
this tendency; however, i t was difficult to detect this in the other three 
diets. The variability seen here seems to invalidate pupation rate as a 
criterion of the development of the corn borer on artif icial medium. If 
there is any dietary effect on the rate of pupation it would necessarily 
be large or i t would be impossible to detect. 
The weights of all larvae or pupae were taken at 17 days. Pupae 
were sexed and put in emergence cages. Mature larvae were put in clean 
vials to pupate. After pupation their sex was noted and added to the 
records. The weights of the larvae were reasonably uniform, though the 
variation was sufficient to make i t desirable to interpret results with 
caution. Table 13 shows the mean weights of larvae for each set of rear-
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Table i2. Distribution of days to pupation 
Diets 
Days A 8 C 0 E F Totals 
15 4 4 
16 1 1 
17 3 3 1 3 2 2 14 
18 10 10 4 2 4 4 34 
19 4 2 2 2 4 5 19 
20 2 1 2 2 4 11 
21 1 1 2 4 
22 1 1 1 3 
23 1 1 
24 1 1 2 
25 
ings summarized by sex. I t can readily be seen that the females were con­
sistently heavier than the males. On diet C there were only four surviving 
females and yet the differences were sti l l  apparent. 
There are times when i t  would be desirable to stop an experiment be­
fore the larvae are ready to pupate. |n such cases i t  would be useful to 
know the sex of the larvae being studied. From experience with this and 
other experiments, the weight of a larva is not a sufficient criterion for 
determining its sex. Figure 7 shows a typical distribution of the larval 
weights of male and female moths. This shows the bimodal distribution of 
weights usually seen in weighings of European corn borer larvae e.g. 
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Table 13» Means of larval weights reared on a standard diet for i/ days. 
Number Number Mean 
of Mean of Mean combined 
Diet males weight females weight weight 
mg. mg. mg. 
a 9 97 10 142 121 
b 9 73 11 126 104 
C 5 71 4 79 75 
D 11 83 7 121 98 
E 8 77 7 111 93 
f 9 70 9 113 92 
tables 24-29. I t also indicates the weight overlaps of male and female 
larvae which make this an impractical criterion for determining the sex 
of larvae. Another question is whether weights of males and females can 
be combined rather than having to separate out the sexes. No analysis 
was run on these data ;  however, on some of the later experiments inter­
actions were calculated and no significant interactions with sex were 
found except between sex and weight. For this reason i t  was.felt that 
with adequate numbers of equally divided males and females the data could 
be combined without making i t  misleading. However, with small numbers, 
combining male and female weights could lead to grossly misleading re­
sults. 
The external appearance of laboratory reared moths was nearly iden­
tical to that of f ield collected moths. There was variabil ity among the 
laboratory reared moths but the moths reared on the standard artif icial 
Figure 7- Weight distribution on a standard diet. 
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diet, seen in table 1, were diff icult to distinguish from typical f ield 
grown moths. Figure 8 compares the f ield collected and laboratory reared 
moths. In the lower left of this photo is a female moth which has suf­
fered from leaf factor deficiency. This moth shows the loss of pigmenta­
tion and modification of scales typical of this condition. The others 
are nearly identical. 
Bioassay of Hybrids and Inbreds 
Tests of Ohio single cross hybrids 
In order to test the use of an artif icial medium for the bioassay 
of resistant corn, diets were formulated to incorporate 1yophi1ized ground 
corn plants in the medium. Corn plants involving the following four 
single crosses were used in the experiment: resistant 0h5lA x 0h07, sus­
ceptible 0h26 x 0h65, susceptible L289 x 1205 and resistant Hy x L317. 
The diets used are shown in table 6. The diets were essentially the 
standard diet shown in table 1 with 10 mg./gm. corn leaf added in l ieu 
of leaf factor and some of the cellulose. The larvae were reared to 
pupation, and were then weighed and sexed. The cast head capsule from 
each larva was also removed from the vial and measured as an index of 
larval size in the different instars. 
The length of time i t  took the larvae to reach the pupal stage was 
apparently independent of the variety of corn on which they were fed. 
Table 14 shows the mean t ime to pupation on the different varieties. 
These figures do not indicate any consistent effect of variety on the 
duration of the larval stage. The larvae fed on the resistant Hy x L317 
Figure 8. A comparison of laboratory reared and f ield col­
lected moths. Upper row, f ield collected moths. 
Lower row, laboratory reared moths. 
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Table 14. The effects of feeding lyophi1ized plants from resistant and 
susceptible single crosses on the rate of pupation and weight 
of the pupae. 
Mean weight of 
Percent Days to pupation pupae 
pupated Males Females Average Males Females 
Control 64 20.9 21.7 21.2 
mg. 
78 O
 3
 
-
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Resistant 
0h5lA x 0h07 41 23.0 24.0 23.2 45 52 
Resistant 
111.Hy x L317 26 26.7 26.8 26.7 61 72 
Susceptible 
0h26 x 0h65 35 24.3 24.2 24.3 53 71 
Susceptible 
L289 x 1205 29 26.8 24.5 26.1 52 68 
and the susceptible 1289 x 1205 required an average of 26.7 days and 26.1 
days to reach the pupal stage, respectively. The larvae fed on the re­
sistant 0h5lA x 0h07 and the susceptible Oh26 x 0h65 reached the pupal 
stage in approximately the same length of time. No varietal effect was 
seen in interaction with the sex of the pupae. There was also no apparent 
correlation between the number of larvae which pupated and the resistant 
or susceptible characteristics of the single crosses on which the larvae 
were fed. 
Weights of the pupae were taken at the time of pupation. These 
weights were summarized according to the sex of the pupae and are pre­
sented in table 14. Once again the female weights were consistently 
higher than male weights. However, differences in pupal weights between 
borers reared on diets containing susceptible and resistant varieties of 
bO 
corn did not seem to follow any regular pattern. It should be borne in 
mind that these weights were taken at the time of pupation. This meant 
that the pupae were of different ages in some cases. Differences in 
growth rate due to the action of some resistance mechanism may have been 
lost by taking weights in this manner rather than at a uniform time 
interval. 
The mean measurements of the head capsule widths of larvae reared 
on the four single crosses are plotted in figure 9- For the first instar 
there were no varietal effects on the larvae, their head capsule sizes 
being nearly identical. For the second instar the larvae fed on the sus­
ceptible varieties had developed slightly larger head capsules. This 
relationship was maintained through the third and fourth instars. This 
would indicate that there was a detrimental effect on the growth of larvae 
fed on the resistant single crosses. 
To determine whether the differences between varieties were of such 
a magnitude as to indicate differences greater than the usual variation 
of the corn borers themselves, an analysis of variance was carried out on 
the data for each instar. These analyses are shown in table 15. I t can 
be seen that for the f irst two instars the differences were not great 
enough to be considered statistically significant. In both the third and 
fourth instars the differences between treatments were significant at the 
5 percent level of probabil ity. The means of the head capsule sizes 
showed the weights of the larvae feeding on the different varieties to be 
distributed in this order by the third instar: susceptible 0h26 x 0ho5 > 
susceptible L289 x 1205) resistant 0h5lA x 0h07) resistant Hy x L317. 
Figure 9. Head capsule measurements of larvae fed on 
resistant and susceptible corn. (One unit 
equals 33.3 microns.) 
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Table 15. Analyses of variance of head capsule sizes of larvae feci on 
susceptible and resistant corn. 
Source of Sums of Mean Tabular 
variation d. f. squares squares F F (05 ) 
1st instar 
Total 23 11.96 
Treatments 3 2.16 .72 1.47 8.66 
Borers within treatments 20 9.80 .49 
2nd Ins tar  
Total 50 144.36 
Treatments 3 21.05 7.017 2.674 2.805 
Borers within treatments 47 123.31 2.624 
3rd instar 
Total 69 806.87 
Treatments 3 100.01 33.337 3.113* 2.748 
Borers within treatments 66 706.86 10.700 
4th instar 
Total 65 1170.26 
Treatments 3 175.00 58.333 3.634* 2.76 
Borers within treatments 62 995.26 16.053 
^Significant at the 5 percent level of probabil ity. 
This order can be seen in figure 9 to remain constant through the third and 
fourth instar. I t is unfortunate that larval weights of the f i fth instar 
were not taken in this experiment because probably the f i fth instar weights 
would have borne the same relationship to diet seen in earlier stages. 
The experimental methods used were not ideal for detecting the great­
est differences in larval development. However, the results demonstrated 
that the lyophi1ized whole corn plants present in the diet produced a con­
sistent effect on larval growth as measured by weight. This effect was 
not seen in early stages of larval development as would be expected i f  
there were a very toxic substance involved. The possible detection of a 
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particular res : stance mechanism by this method v;i 11 be discussed in 
later section. 
Bioassay of four inbred l ines 
In order to test this method of bioassay further four inbred l ines 
were chosen whose characteristics were well known from field observations. 
These included the susceptible inbreds WF9 and Ml4, and the resistant in-
breds A295 and V/22R. These corns were sampled at the following extended 
heights: (I) 6 inches, (2) 12 inches, (3) 40 inches, and (4) 50 inches, 
in the last two sets of samples the plants from each inbred l ine were 
divided into four subsamples. These consisted of 4-inch leaf sections 
from the dry chlorophyllous portion of the whorl leaf blades; 4-inch 
sections of the etiolated, immature portions of the whorl ;  leaf sheaths; 
and excised midribs. A last sample was taken of tassel spikelets just 
after emergence of the tassel from the whorl. Table 7 shows the extended 
height and tassel height of the samples. All material was frozen in the 
f ield and dried under vacuum. The dried material was included in the diet 
shown in table 8. The record of the wet weights and dry weights of all 
samples and subsamples is included in table 23. Larval or pupal weights 
were recorded at 21 days. All larvae were given 24 days to pupate. Those 
that pupated were placed in emergence cages to record the time and success 
of emergence. 
The bioassay of the dried material from the f irst two samples of 
the four l ines was disrupted by contamination of most of the vials of 
resistant material. This made the direct comparison of varieties at this 
stage impossible. The results from the remaining material are presented 
in table 16. The average weights of the larvae reared on the two sus­
ceptible l ines WF9 and Ml4 are within the range of larvae reared on corn 
plant t issue, e.g. weights seen in table 14, though not as high as an 
average weight on a standard diet. The frequency distribution of all the 
weights in table 24 showed that the means were influenced by a few very 
small larvae. 
The few steri le larvae which grew on the resistant A295 and W22R 
developed into fairly large larvae and successfully pupated. This would 
seem to indicate that at least i t  was possible for larvae to develop to 
maturity on the 6 inch plants of the two resistant l ines. in l ight of 
the preference for older plants and the inabil ity of larvae to establish 
on very young plants, i t  is surprising that there was so l i t t le effect on 
the larvae reared on these diets. 
The results of the rearings on the four inbred l ines cut at approxi­
mately 12 inches height are also recorded in table 16. The mean weights 
do not follow any pattern consistent with the resistance or susceptibil i ty 
ratings of the l ines. The larvae grown on the susceptible l ine Ml4 and 
resistant l ine A295 both show very low average weights. The resistant in­
bred W22R and susceptible WF9 supported good growth of the larvae. The 
difference in the means of WF9 and W22R probably does not represent real 
differences due to any resistance mechanism. A group of 8-10 mg. larvae 
reared on the medium containing W22R upset the mean weight of a whole group 
of larvae weighing in the vicinity of 100 mg. (See table 24). 
No larvae of normal size were reared from 29 individuals on the diet 
containing M14. Most of them had died shortly after hatching, and thirteen 
Table 16. Results of the bioassay of young plants of four inbred l ines. 
6 inch p 1 ants 12 inch p 1 ants 
WF9 Ml 4 A295 W22R WF9 Ml 4 A295 W22R 
Mean weight 65.9 mg. 55.1 mg. a a 63.8 mg. 4. 3 mg .  12.9 mg. 50.8 mg 
Number 22 22 2 6 23 1 1 21 22 
Pupated 24 days 12 4 0 2 10 0 1 1 
Contaminated 0 0 12 9 0 0 0 0 
Died in 1st or 2nd instar 0 2 0 0 4 11 3 2 
Died in later instar 0 0 0 0 0 2 0 1 
aToo few normal larvae to calculate a mean f igure. 
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vers dead at the tizne of v;eigh5ng. The l iving iervee did not exceed 
11.5 mg. in weight and many were too small to weigh with the balances 
available. The resistant inbred A295 also showed an inhibit ion of the 
larval growth. The most marked difference between the two l ines was the 
lower mortality and the slightly larger size of the larvae reared on the 
diet containing A295-
This effect on the growth of the larvae seen in Ml4 and A295 is not 
in accord with published information on resistance. Beck (1957a) asserts 
that the level of Resistance Factor A is high in all young corn plants 
tested, with the level being consistently higher in resistant than suscep­
t ible plants. The high mortality of larvae on Ml4 would indicate a higher 
concentration in Ml4 than A295i however, Ml4 is known to be highly sus­
ceptible to corn borer attack. 
This portion of the experiments should be carried further to deter­
mine i f  this inhibit ion is based upon a genetic difference in the larvae, 
a reaction to an inhibitor or toxic material associated with the growth 
stage or an experimental error. The reactions of the borers reared on 
12 inch plants of Ml4 and A295 were so marked that i t  warrants further 
investigation. 
The reaction of the corn borer larvae to a medium containing the 
corn tissue from the third sampling, or 40 inch corn, was quite variable. 
The data presented in table 17 show that the confidence intervals attached 
to the means are broad enough to prevent optimistic statements about dif­
ferences between the inbred l ines. The resistant inbred l ine A295 had a 
reduced mean larval weight over all subdivisions of the plant except the 
Table 17• Mean weights of larvae reared on resistant and susceptible corn inbreds sampled at 
various intervals. 
Third sample Fourth sample 
WF9 Ml 4 A295 W22R WF9 Ml 4 A295 W22R 
mg. mg. mg. mg. mg. mg. mg. mg. 
Wet whorl3 60.5+10.2 16. 4+12. 1 48.3+10.2 60.0+11.2 71. 3+6.9 67.4+7.3 50.0+6.9 61. 0+7.1 
Dry whorl3 53.4+9.4 63. 5+11.2 67.9+9.4 63.4+9.6 80. 5+6.3 72. 3+6. 3 79.9+6.3 66. 1+7.3 
Sheath 58.2+8.8 5 7. 5+9-3 46. 0+8.8 __ b 68. 7+8.6 68. 2+8. 2 69.7+7.5 b 
Mi drib 63.9+11.8 48. 0+8. 6 46.1+7.6 32.9+8.0 53- 0+8.4 56.9+10.4 
Tassel 
57.3+10.8 42. 6+8.4 
63. 8+14.9 49.8+17.1 61.2+9.9 29. 7+10.9 b 
3Definit ion of these terms may be found on pages 35 and 36. 
^Results discounted because of experimental error. 
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diet containing dry portion of the whorl. The susceptible inbred WF9 
showed a consistent pattern of fairly high larval weights. None of the 
inbreds showed any marked and consistent differences at this stage which 
could be attributed to a resistance mechanism. 
Table 17 also shows the mean weights of the larvae fed on diets 
containing leaf material from the fourth cutting, plants approximately 
50 inches extended height. I t can also be seen from this table that 
there was a marked difference between the larvae fed on the etiolated 
portion of the whorl of the resistant l ines A295 and W22R and the sus­
ceptible l ines WF9 and Ml4. This was the f irst indication, in this ex­
periment, of a detrimental effect on borer growth associated with the 
resistant varieties. The data in table 17 for the fourth sampling 
showed that the weights of the larvae on the two resistant l ines were 
nearly identical for both cuttings. The difference comes from an in­
crease in weight of the larvae fed on the susceptible l ines. There is no 
ready explanation of the basis for these differences. However, they do 
agree with the mechanisms described by Beck (1957a) (1957c) and Beck and 
Stauffer (1957). These authors point out that Resistance Factor A 
(6-methoxy 2,3,-benzoxazol inone) is the chief factor responsible for leaf 
feeding resistance. In their investigations i t  was present in both re­
sistant and susceptible plants, but in higher quantity in resistant than 
susceptible plants. Factor A according to these authors, declined in 
amount as the inbreds they studied increased in size from 10 to 50 inches. 
However, a varietal difference in level is maintained. This might account 
for the increase in weight of larvae on the more mature leaf t issue from 
70 
V.'FS 2nd MU:. 
Other comparisons of the mean weights of larvae show trends toward 
good or poor growth. To facil i tate visualizing these trends figure 10 
was prepared. |n this figure the mean weights of larvae on a particular 
plant part have been plotted separately by variety. This chart shows 
that two peaks appear consistently on each variety. These peak weights 
are on the dry whorl material of both the third and fourth cuttings. 
This relative increase in the weight of larvae feeding on dry whorl mater­
ial has not been noted in the l i terature previously. This may reflect a 
stimulation due to the presence of a required nutrient which is absent or 
not present in sufficient quantity in the etiolated tissue of the wet 
whorl or the highly l ignified midrib and sheath t issue. Another possi­
bil i ty is the absence of concentrations of the Resistance Factor A of 
Beck and Stauffer (1956c). However, i t  seems unlikely that one piece of 
etiolated tissue would have a high concentration of a toxic factor and 
the more mature distal section would have a low concentration. A further 
possibil i ty is suggested by Beck (1957b), who described the detoxifica­
tion of Resistance Factor A by sugars. This dry whorl material is above 
the etiolated area and is chlorophyl1ous. There is probably more sugar 
produced in this vicinity. If Factor A is the cause of the reduced larval 
weight on etiolated tissue then possibly the higher level of sugar in dry 
whorl t issue is the basis for the greater larval weight on this tissue. 
Another possibil i ty is that sufficient sugar (20 mg./gm.) was added to 
the diets to detoxify any small amount of Resistance Factor A present, 
since i t  was reported that 60 mg./gm. would reduce an 85 percent Factor A 
Figure 10. Comparative profi les of the mean larval weights 
of larvae reared on all samples and subsamples. 
Larval weights taken at 21 days of incubation. 
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A comparison (table 17) of all weights of larvae reared on diets 
containing the 40 and 50 inch corn showed that larval weights were in 
nearly every instance about 10 mg. heavier on the 50 inch corn sample 
than on the 40 inch corn. This was not true on the diets of resistant 
wet whorlj W22R dry whorl, and WF9 midrib material. This general in­
crease in weight of larvae fed on older plant t issue may be a manifesta­
tion of the often reported susceptibil i ty of older plants to corn borer 
infestation. This increased susceptibil i ty at the time of tassel emer­
gence could be attributed to the shift of feeding site from the resis­
tant leaf material to the newly available tassel. However, Patch (1943) 
by removing the tassels sti l l  demonstrated an increase in establishment 
on older plants. Beck and Stauffer (1957) attributed this to the grad­
ual decline of Resistance Factor A in older plants of both resistant and 
susceptible l ines. The low weights of larvae fed on W22R could be attri­
buted to the retention of high levels of Resistance Factors B and C in 
the sheath and other tissues of V/22R at the "stage of borer invasion of 
leaf sheaths and internodes" (Beck 1957c). I t is unfortunate that there 
are no data accompanying this paper cited because comparison of size of 
plants and degree of inhibit ion is impossible without such data. 
Mean weights of larvae reared on tassel spikelets are recorded at 
the bottom of table 17. These weights reflect a generally low average 
weight, although some of the individuals on WF9 and Ml4 ranged up to 
135-140 mg. In a few cases the larvae fed on the tassel of A295 and 
W22R reached the 90 mg. level, although an accident during the storage 
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of the w22k material made any results from lîiis diet unreliable. The 
young tassel has been reported as an attractive feeding site for young 
larvae by Patch (1943) and others, and as having a low level of growth 
inhibitors by Seek (1957a). This is borne out to an extent by the data 
in table 17 which indicate good growth on all l ines. 
Recorded in table 18 are the percentages of surviving larvae which 
pupated within 24 days from hatching. The percentages are generally 
within a very close : range. Notable exceptions are the diets containing 
Table 18. percent pupation of 1 arvae reared on diets i containing four 
inbred 1 ines of corn. 
WF9 Ml 4 A295 V/22R 
1st cutting 55 18 0a 33«; 
2nd cutting 44 0 5 5 
3rd cutting 
Wet whorl 82 0a 35 43 
Dry whorl 60 50 95 90a 
Sheath 56 31 39 -
Midrib 50 16 33 14 
4th cutting 
Wet whorl 90 71 68 89 
Dry whorl 88 87 91 82 
Sheath 74 86 80 -
Mi drib 45 54 58 0 
Tassel 4 11 15 0a 
aData not comparable. 
the tassel material. On this material the larvae fed well but there was 
a very low pupation rate. Only from two to five of the larvae pupated on 
the work of Beck (1953). He reported a high leaf factor activity in tas­
sel, with average larva] weights of 63 mg. and 50 percent maturation of 
the larvae. In this study larval weights were comparable, ranging from 
49.8 mg. to 63.8 mg. but maturation was below 15 percent in each study. 
This discrepancy is difficult to account for unless di fferences in the 
maturity of the tassel material or the variety of corn could be respon­
sible. 
The diets including 6 inch and 12 inch plants had a generally lower 
pupation rate than was seen on diets made from the more mature plants. 
Among the subdivisions of the 40 and 50 inch plants, diets of the midrib 
and sheath seemed to produce a lower percentage of pupation than the 
whorl leaves. 
The time which elapsed between hatching of the larva and the emer­
gence of the moth from its pupal case varied from 24 to 37 days. The peak 
emergence date, as seen in table 19, was on the thirt ieth and thirty-first 
day. The numbers of larvae which successfully completed their l i fe cycle 
on a particular diet were sometimes quite small. There were no marked 
trends to be seen in the raw data and with such small samples conclusions 
on the effect of the corn variety on emergence were unwarranted. 
Other records which were kept on the emergence of moths on the var­
ious diets pertained to whether the moths showed any abnormalities. Moths 
classified as abnormal had either the rough scales or loss of pigment, 
failure of wings to unfurl properly or inability to emerge properly from 
the pupal case. Since several of these abnormalities have all degrees of 
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Days from 
hatching 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
Number 
ernergi ng 
1 
1 
1 2  
1 2  
1 2  
18 
23 
26 
17 
13 
34 
35 
36 
37 
14 
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severity, any moth showing them to any extent was classified as abnormal. 
The results for all l ines and all plant parts are summarized in table 20. 
Data pertaining to the individuals that matured are presented in tables 
21 and 22. Of the total of 289 larvae in this f i fth sample, nearly 50 
percent successfully completed their l ife cycle. This compares favor­
ably with the figures of Beck (1953) who gave maturation percentages of 
50 and 56 on larvae reared on corn leaves and tassel. The percent of the 
total number of larvae reaching maturity was broken down for both plant 
parts (table 21) and inbred lines (table 22). The percentage of total 
larvae which reached maturity on the various plant parts can be seen in 
the right hand column of table 2!. There was a marked reduction in the 
number of larvae maturing on midrib material. The percentages maturing on 
other plant parts were nearly equal. This reduction in numbers may be a 
Table 20. Emergence record of normal and abnormal moths reared on 50 Inch corn plants. 
WF9 Ml 4 A295 W22R 
Ma 1 es Females Ma 1 es Females Ma 1 es Females Ma 1 es Fema1 es 
Plant parts Na Ab N Ab N Ab N Ab N Ab N Ab N Ab N Ab 
V/et whorl 7 1 0 4 3 0 0 3 2 2 0 2 6 5 1 6 
Dry whorl 8 0 2 5 6 4 4 6 0 0 0 3 4 2 0 5 
Sheath 3 3 0 5 2 3 1 2 5 7 0 4 0 0 0 0 
Midrib 1 3 0 1 0 2 2 2 2 2 0 1 0 0 0 1 
Subtotal s 19 7 2 15 11 9 7 13 9 11 0 10 • 10 7 1 12 
Subtotals by 
sex 26 17 20 20 20 10 17 13 
Inbred totals 43 40 30 30 
aMoths having 
under N (normal). 
successfu1 emergence and typical wing pattern and development are 1 is ted 
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labié 21. tmergence records by plant parts for ruoLhs reared on 50 inch 
corn plants. 
Ma 1 es Females Percent of 
Plant part N Ab N Ab Total total larvae 
Wet whorl 18 8 1 15 42 58 
Dry whorl 18 6 6 17 49 57 
Sheath 10 13 1 11 35 54 
Midrib 3 7 . 2 5 17 26 
Subtotals 49 34 10 48 
Subtotals by sex 83 60 
reflection of a lower nutrit ive value of this midrib material as compared 
to whorl or sheath material. In a l iving plant the juices moving through 
this area might provide a good feeding site. When excised, this highly 
l ignified tissue probably has a lower nutrit ive value, gram for gram, than 
the adjacent leaf blade. Under f ield conditions larvae do not establish 
here but invade the midrib tissue in the third and fourth instar. 
The percentage of the total larvae which emerged as moths was separ­
ated out by inbred l ines in table 22. All l ines except A295 had quite a 
similar percentage of maturation. The 15 to 17 percent reduction in A295 
is a large difference from the other l ines. This probably was due to the 
failure of half of the A295 pupae to emerge. Whether this was a varietal 
characteristic involved with resistance is diff icult to determine. Fur­
ther testing of this would be desirable. 
The number of normal and abnormal males and females for each l ine and 
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Table 22. Percentages of larvae and pupae successfuliy emerging. 
1nbred Percent of Percent of 
1 i  ne pupae emerging total larvae 
WF9 72 53 
Ml 4 70 54 
A295 50 38 
W22R 100 55 
Total 49.4 
each plant part are given in table 20. The total number of normal moths 
reared on the susceptible lines was slightly greater than on the resistant 
lines. There were 30 percent normal moths for A295 and 37 percent for 
V/22R. In contrast there were 49 percent normal moths for WF9 and 45 per­
cent normal moths for Ml4. Whether these differences are great enough to 
be significant is difficult to determine. |t may well be an indication 
that the resistant corn material is producing an effect on the metabolism 
of the insects which is in turn producing these abnormalities of the wing. 
Further study of this and the many other indications of varietal effects 
on the growth of the corn borer may produce the basis for the resistance 
as seen in the field. 
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LUINLLUÀ I UIN3 
Technique Development 
The objective of these studies was to determine if the resistance of 
corn to attack by the European corn borer could be determined by labora­
tory bioassay procedures. Two major areas were studied, the techniques of 
rearing the corn borer and the development and testing of a bioassay 
method. 
The technique of rearing the European corn borer published by Beck 
and Stauffer (1950) was investigated as a possibility for bioassay of 
corn resistant to the corn borer. Under aseptic conditions this method 
produced larvae, pupae, and moths similar to field collected specimens. 
The procedure for sterilization of the eggs placed on the medium was 
simplified by the substitution of a readily available antiseptic such as 
Rocca1 or Clorox. Sterile water was substituted for ethanol to transfer 
eggs to the sterile medium. This reduced the number of eggs failing to 
hatch and did not increase the contamination. 
In the process of developing the techniques necessary for the bio­
assay one of the many problems was that of using aseptic procedures. The 
use of a sterile medium provides the most uniform environment possible for 
the developing larva, but with its obvious advantages are the problems of 
careful and sometimes tedious technique work. In these experiments the 
techniques have been simplified but the problem of contamination still 
arises. To use on a large scale, this aseptic procedure could be modified 
by the addition of antibiotics to the medium and possibly by the use of a 
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The use of the Leaf Factor Extract of Cerophyl Laboratories, Inc. is 
another major problem of this bioassay technique. As long as the corn 
borer requires an essential substance available only from crude plant con­
centrates it will be difficult to evaluate the results of any bioassay on 
the insect. In l ine with the need for identification of the leaf factor 
there is also a need to review and clarify the extract nutritional require­
ments of the corn borer to prepare the way for the formulation of a true 
synthetic diet. 
Another major problem of the bioassay technique is the variability 
in the larval weight of the corn borer. This is sometimes so great that 
i t is often difficult to evaluate the results of an experiment. This var­
iation seems to arise from the very small larvae on every experiment. 
Whether this is due to genetic variability or disease should be investi­
gated further. The unequal numbers of surviving larvae and the variation 
between them make statistical evaluation of differences quite difficult. 
Tests of Single-Crosses and Inbreds 
The f irst bioassay util izing the single-cross corns 0h26 x 0ho5, 
L289 x 1205, 0h5lA x 0h07, and Hy x L317, was carried out using a dry corn 
concentration of 10 mg./'gm. of diet. With this relatively 1 ow concentra­
tion of leaf material there was no varietal effect on the rate of larval 
growth as measured by days to pupation or on the number of larvae pupat­
ing. Pupal weights were taken on the day of pupation. There was no de­
tectable difference among the average weights of pupae fed on diets con-
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training the susceptible and resistant single-crosses, Us i  ng the size of 
the cast head capsules as an index of larval size, a difference between 
inbreds was noticed by the second instar and a sizeable difference by the 
third and fourth instar. The larvae fed on diets containing resistant 
single-crosses were consistently smaller than larvae fed on the diets of 
susceptible material. Whatever the mechanism involved, the effect was 
seen on the development of the larvae. 
The procedure of measuring head capsules is very slow, requiring 
hours of microscopic measurements for even a small experiment. The cast 
head capsules, ranging from approximately 300 to 2,000 microns, must be 
located and separated from the silk webbing, frass, and uneaten medium 
remaining in the vial after pupation. The head capsules must then be 
separately measured under the disecting microscope. However, since this 
index seems to detect relatively slight differences with a low concentra­
tion of corn this seems a most desirable method to use in these studies. 
The differences are larger at the third and fourth instar. Also the cap­
sules at these stages are the easiest to pick out of the frass-fi11ed 
vial. A desirable modification might be the use of head capsule size of 
the third, fourth, and fifth instar, with a final weight taken for com­
parison of growth in the fifth instar. 
The bioassay of four inbred lines was carried out to determine if 
larvae would develop differently on diets containing different parts and 
growth stages of several inbred corns. Lyophi1ized whole plants of 6 and 
12 inch heights were included in medium at a rate of 50 mg./gm. of diet. 
There was low pupation on all these diets except the diet containing the 
susceptible wF9- Ai so there was some first instar mortali ty on diets 
containing 12 inch plants. Possibly a resistance factor affected de­
velopment; however, these results are inconclusive because low pupa­
tion rate and early larva] mortality are not consistently associated 
with any one of the inbred lines. There was low larval mortality on 
diets containing 12 inch plants. Low pupation was characteristic of 
all lines except UF9. The resistant lines produced no apparent effect 
on the developing larvae as measured by weight at 21 days. The suscep­
tible lines showed average weights for this type of diet and in cases 
where there were many stunted individuals or contaminated vials, some of 
the individuals weighed were always typical of larvae reared on a standard 
diet. This lack of effect is indicative of one of two things : either the 
concentration of corn was so low in the diets that they did not contain 
sufficient resistance factors to inhibit larval growth or these young 
corn plants did not contain this factor affecting the developing corn 
borer. 
Larvae were placed on diets of 40 or 50 inch corn in which either 
etiolated whorl leaf, chlorophyllous whorl leaf, sheath or midrib tissue 
were incorporated. The larvae sometimes reacted to the inbred tissue and 
occasionally to the plant part regardless of inbred line. 
There was no varietal effect on the percent of larvae which pupated 
in 24 days regardless of tie corn sampling date. However, within each 
inbred line the diet containing the midrib subsample consistently produced 
the lowest percent pupation. This reduced pupation is probably a reflec­
tion of a lower nutritive value of these excised midribs when compared to 
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leaf or sheath tissue. The effect: of Liii s pi ant part was also noticed in 
the low percentage of larvae maturing to adult moths. The number matur­
ing on midrib material was less than half the number of larvae success­
fully completing their l ife cycle on other plant parts. Another marked 
effect of a plant part was the stimulation of larval growth on diets con­
taining dry whorl tissue. This effect may be the result of a richer sup­
ply of nutrients in this chlorophyllous tissue, the effect of the presence 
of the corn leaf factor, or absence of a resistance factor. 
Varietal effects correlated with corn borer resistance can be seen 
in the number of normal moths resulting from rearings on the various in­
bred lines. The susceptible lines produced 10 to 15 percent more normal 
moths than did the resistant lines. The other effects which correlate 
with the resistance ratings are those of larval weight at 21 days. Plant 
parts from the 40 inch plants did not cause any particular differences in 
weights of larvae reared on them. They were similar to weights of larvae 
reared on the diets containing 6 inch and 12 inch plants. At this 40 
inch extended height these inbred lines should be manifesting resistance 
in the field. No difference which correlated with resistance ratings 
could be detected by this method. 
The weights of larvae fed on subsamples taken from the fourth cutting 
or 50 inch plants were also uniform between varieties with two exceptions. 
The two wet whorl subsamples of the resistant inbred A295 and W22R produced 
smaller larvae than those reared on the same plant part of the susceptible 
lines. No other varietal effects on weight can be seen in these data. 
Both A295 and V/22R show leaf feeding resistance. This is character-
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5zed by the pin-hole feed!ng of larvae on the leaf blades, Feeding of 
this type indicates that the larvae feed sparingly in an area and then 
change feeding sites or leave. The factor or factors responsible for 
this might be a very toxic material, a distasteful or repel 1 ant sub­
stance, a mechanical barrier or a combination of these. -The experiments 
reported here do not attempt to separate these out but they do detect 
the gross effect on growth. 
SUMMARY 
In an endeavor to find a laboratory method to bioassay the resis­
tance of corn to attack by the European corn borer a series of experi­
ments were devised and carried out. The first experiments involved the 
use of an aseptic rearing technique published by Beck and Stauffer (1950). 
With this technique, larvae may be reared under sterile conditions from 
the egg to the pupal stage. A description of the modified technique used 
in these experiments is given. 
One of the problems associated with the satisfactory use of the tech­
nique was the egg sterilization procedure. Attempts to simplify the pro­
cedure involved (1) the substitution of Clorox or Roccal solutions for the 
sodium hydroxide-formaldehyde mixtures of the published sequence, and (2) 
the substitution of sterile water for the 70 percent ethanol solution 
used in transferring sterile eggs to vials of nutrient medium. The use 
of Roccal and Clorox solutions were equally efficacious for sterilizing 
the eggs. The Roccal, however, caused the eggs to adhere to glassware 
used in the transfer. This was not true of the Clorox. Transfer of the 
eggs by the use of sterile water reduced the mortality of eggs without any 
increase in contamination. These modifications of the technique of Beck 
and Stauffer (1950) have not reduced the amount of contamination, but the 
time involved has been reduced, and the occasional mortality of up to 50 
percent of the eggs due to exposure to ethanol has been eliminated. 
A wing abnormality attributed to a deficiency of the corn leaf factor 
of Beck (1953) was noted in moths reared on artificial medium. This is 
illustrated in the text. The source of the factor used in these rearings 
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was a commercial product of Cerophy1 Laboratories, inc. called Leaf Factor 
Extract. With fresh extract, about 12.0 mg./gm. of diet were required; 
however, comparative test rearings reported here showed periodic Increases 
in the amount of this product were necessary to produce normal wings. 
After three years the potency of the extract declined to the point that 
46.3 mg./gm. of diet were needed. This indicated a gradual loss of acti­
vity with aging of the Leaf Factor Extract. 
A series of rearings on a standard artificial diet was carried out 
to determine the responses of the corn borer to the artificial medium and 
aseptic procedures, in these studies eggs uniformly hatched within 24 
hours, 50 percent or more of the larvae were second instar in slightly 
over 3 days, third instar by 6 days, fourth instar by 8 days, and fifth 
instar by 11 days. The first pupa usually appeared on the seventeenth day. 
pupation, however, was spread over a period of up to 8 days, but maximum 
pupation was recorded on the eighteenth day. 
Weights of the larvae were taken at 17 days. The average weights 
ranged from 92-121 mg. with a marked difference in weights between males 
and females. The appearance of laboratory reared and field collected 
moths was identical when larvae were raised on a satisfactory diet. 
The testing of an artificial medium as a bioassay for resistance was 
started on lyophilized, ground corn plants from two resistant and two sus­
ceptible single-crosses. The corn was added to what was assumed to be a 
nutritionally adequate medium at a rate of 10 mg./gm. of diet. No dif­
ferences were seen in the rate of pupation or weight at the time of pupa­
tion. Head capsule measurements were made of cast head capsules since 
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this was reported to be directly proportional to weight by Beck (1950). 
Slight differences between the head capsules of larvae reared on the 
resistant and susceptible corn became apparent, however, in the second 
instar. Statistically significant differences could be detected in the 
third and fourth instars. 
To test the bioassay method further, two resistant and two suscep­
tible inbreds were chosen as representing extremes of resistance and sus­
ceptibility. Plants were cut at four dates during the growing season. 
The larger plants were divided into subsamples consisting of etiolated 
tissue from the moist area of the whorl, more distal chlorophyllous dry 
whorl leaf, sheath tissue, and excised midribs. These samples were 
lyophi1ized, ground and added to a diet at the rate of 50 mg./gm. of diet. 
Pupal weight at 21 days was used as the criterion of growth on diets made 
up from the various plants. 
Larvae reared on diets in which 6 and 12 inch plants had been in­
cluded did not show any particular weight response to the resistant or 
susceptible corn. Contamination of some of the diets reduced the amount 
of information available, however from the remaining material there was 
l ittle difference between diets. Larvae reared on the various subsamples 
of 40 inch corn plants did not show any differences which could be assoc­
iated with the resistant or susceptible corn on which they were fed. On 
50 inch corn the wet whorl material from the two resistant lines kept 
the larval weights to 50 and 61 mg. while the weights of larvae reared on 
susceptible corn and other plant parts increased to 67 and 71 mg. This 
was the only subsample showing this distinct inhibitory effect by resistant 
89 
Weights of larvae fed on diets containing green tassel material were 
within the usual range of the other plant parts. Greater larval weight 
resulted from feeding on the dry whorl area of the corn plant regardless 
of inbred line or cutting time. 
Pupation rate was uniform through all cuttings and plant parts except 
for the tassel material. Larval weights on tassel material were high, 
but there was uniformly low pupation on all lines tested. 
Peak emergence occurred on the thirtieth and thirty-first days after 
hatching. The numbers of moths successfully completing their l ife cycle 
varied with the plant parts used in the diet. A much smaller percentage 
developed successfully on midrib than any other plant portion. The num­
ber of larvae completing their l ife cycle on this experiment was close to 
50 percent. 
Moths showed some leaf factor deficiency symptoms. The re were 30 
to 37 percent normal moths on the resistant lines and 45 to 49 percent 
normal moths on the diets of susceptible materials. 
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7ab/a 23. Wet and dry weights of four inored lines of corn. 
Corn inbred 
WF9 Ml 4 A295 W22R 
Sample or subsample Wet Dry Wet Dry Wet Dry Wet Dry 
gm. gm. gm. gm. gm. gm. gm. gm. 
6 inch plants 0 12.7 0 14.8 0 9.1 0 10.6 
12 inch plants 0 31.0 0 30.0 0 41.2 0 27.3 
40 inch plants 
Wet whorl 100.0 7.5 115.0 12.4 132.0 15.5 104.0 8.0 
Dry whorl 90.0 11.5 101.0 15.8 118.0 92.0 12.0 
Sheath 205.0 15.6 235.0 14.1 67.0 25. 2a 184.0 10.2 
Midrib 45.0 3.5 91.0 11.1 75.0 9.6 100.0 9.0 
50 inch plants 
Wet whorl 116.0 22.7 92.0 13.4 74.0 10.1 99.0 16.3 
Dry whorl 133.0 15.7 106.0 10.5 96.0 10.4 115.0 11.4 
Sheath 280.0 14.2 272.0 24.4 177.0 31-3 278.0 2.7= 
Midrib 69.0 10.1 67.0 7.3 52.0 7.4 85.0 10.0 
^Results not comparable due to experimental error. 
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Table 24. Frequency distribution of weight of larvae reared on meterial 
from 6 inch and 12 inch plants. 
6 inch plants12 inch plants 
Larval weight 
in grams x 1000 
Corn inbred Corn inbred 
V/F9 Ml 4 A295 V/22R V/F9 Ml 4 A295 VJ22R 
137-140.9 0 0 0 0 0 0 0 0 
133-136.9 0 0 0 0 0 0 0 0 
129-132.9 0 0 0 0 1 0 0 0 
125-128.9 0 0 0 0 0 0 0 0 
121-124.9 0 0 0 0 0 0 0 0 
117-120.9 0 1 0 0 0 0 0 0 
113-116.9 1 0 0 0 0 0 0 1 
109-112.9 0 0 0 0 0 0 0 0 
105-108.9 0 2 0 0 0 0 0 3 
101-104.9 1 0 0 0 1 0 0 1 
97-100.9 0 1 0 0 1 0 0 0 
93- 96.9 0 1 0 0 3 0 0 0 
89- 92.9 1 2 0 1 1 0 1 0 
85- 88.9 1 0 0 0 0 0 0 0 
81- 84.9 2 0 0 0 2 0 0 1 
77- 80.9 1 1 0 0 1 0 0 1 
73- 76.9 1 2 0 0 1 0 0 2 
69- 72.9 4 1 0 0 1 0 0 0 
65- 68.9 3 0 0 0 3 0 0 1 
61- 64.9 1 0 0 1 0 0 0 0 
57- 60.9 1 0 0 0 1 0 0 0 
53- 56.9 1 1 0 0 0 0 0 0 
49- 52.9 0 0 0 0 0 0 0 1 
45- 48.9 0 1 0 0 0 0 0 0 
41- 44.9 0 0 1 0 1 0 0 0 
37- 40.9 1 0 0 0 0 0 0 0 
33- 36.9 0 0 0 0 0 0 1 2 
29- 32.9 1 1 0 0 1 0 0 1. 
25- 28.9 0 2 0 0 0 0 0 0 
21- 24.9 1 0 0 0 0 0 0 1 
17- 20.9 0 0 0 0 2 0 3 1 
13- 16.9 0 1 0 0 0 0 0 0 
9- 12.9 0 1 0 0 0 2 3 0 
5- 8.9 0 1 1 0 0 0 2 1 
1- 4.9 1 3 0 4 4 14 10 5 
Mean weight 
in grams 65.9 55.1 25.25 26.8 63.8 4.3 12.9 50.1 
x 1000 
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from 40 inch plants (sheath and midrib). 
Sheath Midrib 
Larval weight 
in grams x 1000 
Corn inbred Corn inbred 
W9 Ml 4 A295 W22R WF9 Ml 4 A295 W22R 
137-140.9 0 0 0 0a 0 0 0 0 
133-136.9 0 0 0 0 0 0 0 0 
129-132,9 0 0 0 0 0 0 0 0 
125-128.9 0 0 0 0 0 0 0 0 
121-124.9 0 0 0 0 0 0 0 0 
117-120.9 0 0 0 0 0 0 0 0 
113-116.9 0 0 0 0 0 0 0 0 
109-112.9 0 0 0 0 0 0 0 0 
105-108.9 0 0 0 0 Î 0 0 0 
101-104.9 1 0 0 0 0 0 0 0 
97-100.9 0 0 0 0 0 0 0 0 
93- 96.9 0 0 0 0 1 0 0 0 
89- 92.9 1 1 0 0 1 0 0 0 
85- 88.9 0 0 0 0 0 0 0 0 
81- 84.9 0 1 1 0 0 0 0 0 
77- 80.9 1 1 0 0 0 0 0 0 
73- 76.9 0 3 0 0 0 0 0 0 
69- 72.9 1 1 1 0 2 2 0 0 
65- 68.9 2 0 0 0 0 0 0 0 
61 - 64.9 4 1 1 0 0 3 3 0 
57- 60.9 0 2 0 0 1 3 2 1 
53- 56.9 3 1 4 0 0 1 2 1 
49- 52.9 0 0 1 0 0 1 5 2 
45- 48.9 2 0 0 0 0 1 2 2 
41- 44.9 0 1 3 0 2 2 2 1 
37- 40.9 0 1 2 0 1 1 1 1 
33- 36.9 0 0 2 0 0 2 2 3 
29- 32.9 1 1 1 0 0 0 3 2 
25- 28.9 1 0 0 0 0 0 0 1 
21- 24.9 0 0 1 0 1 1 1 2 
17- 20.9 0 0 0 0 0 0 0 3 
13- 16.9 1 2 1 0 0 2 1 2 
9- 12.9 0 0 0 0 0 0 0 1 
5- 8.9 0 0 0 0 0 0 0 0 
1- 4.9 0 0 0 0 0 0 0 0 
Mean weight 
in grams 58.2 57.5 46.0 63.9 48.0 46.1 32.9 
x 1000 
aAl1 media in this experiment contaminated. 
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î sbî e 26. Frequency à î s L r i DU t i on of weight of larvae reared on material 
from 40 inch p" ruts (whorl). 
Wet whorl Dry whorl 
Larval weight Corn inbred Corn inbred 
in grams x 1000 WF9 Ml 4 A295 W22R WF9 Ml 4 A295 W22R 
137-140.9 0 0 0 0 0 0 0 0 
133-136.9 0 0 0 0 0 0 0 0 
129-132.9 0 0 0 0 0 0 0 0 
125-128.9 0 0 0 0 0 0 0 0 
121-124.9 0 0 0 0 0 0 0 0 
117-120.9 0 0 0 0 0 0 0 0 
113-116.9 0 0 0 0 0 0 0 0 
109-112.9 0 0 0 0 0 0 0 0 
105-108.9 0 0 0 0 1 1 0 0 
101-104.9 0 0 0 0 0 0 0 0 
97-100.9 0 0 0 0 0 1 0 0 
93- 96.9 0 0 1 1 0 2 0 0 
89- 92.9 0 0 1 0 0 0 0 0 
85- 88.9 2 0 0 0 0 0 4 1 
81- 84.9 1 0 0 1 0 0 0 1 
77- 80.9 0 0 0 1 1 0 1 0 
73- 76.9 1 0 1 1 0 1 1 3 
69- 72.9 3 0 1 1 1 1 5 1 
65- 68.9 2 0 2 1 1 1 0 4 
61 - 64.9 0 0 0 1 5 3 4 2 
57- 60.9 3 0 0 1 0 0 1 2 
53- 56.9 1 0 3 0 1 0 0 2 
49- 52,9 1 0 1 1 3 1 2 1 
45- 48.9 0 0 0 1 1 0 1 1 
41- 44.9 0 0 0 1 1 0 0 0 
37- 40.9 1 0 0 1 1 0 1 0 
33- 36.9 0 1 1 1 1 0 0 0 
29- 32.9 0 1 0 0 0 0 0 0 
25- 28.9 0 0 1 1 1 1 0 0 
21- 24.9 0 1 2 0 0 0 0 0 
17- 20.9 1 1 0 0 1 0 0 0 
13- 16.9 0 3 3 0 1 0 0 1 
9- 12.9 0 3 0 0 0 0 0 0 
5- 8.9 0 2 0 0 0 0 0 0 
1- 4.9 1 0 0 0 0 2 0 0 
Mean weight 
in grams 60.5 16.4 48.3 60.0 53.4 63.5 67.9 63. 
x 1000 
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Table 27. Frequency distribution of weight of larvae reared on material 
from 50 inch plants (sheath and midrib). 
Sheath Midrib 
Larval weight 
in grams x 1000 
Corn inbred Corn inbred 
WF9 Ml 4 A295 V/22R WF9 Ml 4 A295 V/22R 
137-140.9 0 0 0 0a 0 0 0 0 
133-136.9 0 0 0 0 0 0 0 0 
129-132.9 0 0 0 0 0 0 0 0 
125-128.9 0 0 0 0 0 0 0 0 
121-124.9 0 0 0 0 0 0 0 0 
117-120.9 0 0 0 0 1 0 0 0 
113-116.9 0 0 0 0 0 0 0 0 
109-112.9 0 0 0 0 0 0 0 0 
105-108.9 0 0 1 0 0 0 0 0 
101-104.9 0 0 0 0 0 0 0 0 
97-100.9 0 0 1 0 0 0 0 0 
93- 96.9 1 1 1 0 0 0 0 0 
89- 92.9 3 1 0 0 0 0 1 0 
85- 88.9 0 1 2 0 0 0 1 1 
81- 84.9 3 0 1 0 1 0 0 0 
77- 80.9 0 1 0 0 1 0 0 1 
73- 76.9 0 3 2 0 1 1 0 I 
69- 72.9 2 1 3 0 2 1 0 2 
65- 68.9 1 3 2 0 1 1 0 0 
61- 64.9 3 4 5 0 0 3 1 0 
57- 60.9 2 2 3 0 3 1 1 0 
53- 56.9 1 2 1 0 0 0 3 1 
49- 52.9 0 1 1 0 2 2 2 0 
45- 48.9 1 1 2 0 1 2 2 1 
41- 44.9 0 0 0 0 0 1 0 2 
37- 40.9 1 0 0 0 1 1 0 2 
33- 36.9 0 0 0 0 0 0 0 2 
29- 32.9 0 0 0 0 0 0 0 0 
25- 28.9 1 0 0 0 2 0 0 1 
21- 24.9 0 0 0 0 1 0 1 3 
17- 20.9 0 0 0 0 3 0 0 0 
13- 16.9 0 0 0 0 0 0 0 2 
9- 12.9 0 0 0 0 0 0 0 1 
5- 8.9 0 0 0 0 0 0 0 0 
1- 4.9 0 0 0 0 0 0 0 0 
Mean weight 
in grams 68.7 68,2 69.7 52.7 56.9 57.3 42.6 
x 1000 
aInsufficient material available. 
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ïcb'3 23. frequency distribution of weight of iarvae reared on material 
from 50 inch plants (whorl). 
larval weight 
i n grams;x 1000 
wet whorl dry whorl 
corn inbred corn inbred 
wf9 ml 4 a295 w22r wf9 ml 4 a295 w22r 
137-140.9 0 0 0 0 0 0 0 0 
133-136.9 0 0 0 0 0 0 0 0 
129-132.9 0 0 0 0 0 0 0 0 
125-128.9 0 0 0 0 0 0 0 0 
121-124.9 0 0 0 0 0 0 0 0 
117-120.9 0 0 0 0 0 0 0 0 
113-116.9 0 0 0 0 1 0 0 0 
109-112.9 1 0 0 0 1 0 1 0 
105-108.9 0 0 0 0 0 0 1 0 
101-104.9 1 1 0 0 0 0 1 0 
97-100.9 0 0 0 0 2 0 1 0 
93- 96.9 1 0 0 0 3 0 1 0 
89- 92.9 0 1 0 0 0 1 3 0 
85- 88.9 0 0 0 0 1 1 0 0 
81- 84.9 2 1 0 1 1 2 3 2 
77- 80.9 1 2 0 0 3 3 1 0 
73- 76.9 2 3 2 1 4 6 1 3 
69- 72.9 4 1 0 5 1 3 4 2 
65- 68.9 2 2 1 2 3 1 1 2 
61- 64.9 0 1 1 1 0 4 1 3 
57- 60.9 1 0 2 0 1 0 1 1 
53- 56.9 1 0 0 2 1 1 3 1 
49- 52.9 1 0 4 1 0 1 0 2 
45- 48.9 1 3 3 4 1 0 0 1 
41- 44.9 0 0 1 1 0 0 0 0 
37- 40.9 0 1 1 0 0 0 0 0 
33- 36.9 1 0 1 0 0 0 0 0 
29- 32.9 0 1 2 0 0 0 0 0 
25- 28.9 0 0 0 0 0 0 0 0 
21- 24.9 0 0 1 0 0 0 0 0 
17- 20.9 0 0 0 0 0 0 0 0 
13- 16.9 0 0 0 0 0 0 0 0 
9- 12.9 0 0 0 0 0 0 0 0 
5- 8.9 0 0 0 0 0 0 0 0 
1- 4.9 0 0 0 0 0 0 0 0 
mean weight 
in grams 71.3 67.4 50.0 61.0 80.5 72.3 79.9 66.1 
x 1000 \ 
106 
Table 29. Frequency distribution of weight of larvae reared on material 
from tassel. 
Larval weight 
in grams x 1000 
Corn inbred 
WF9 Ml 4 a295 W22R 
137-140.9 0 1 0 0 
133-136.9 1 0 0 0 
129-132.9 0 0 0 0 
125-128.9 û 0 0 0 
121-124.9 0 0 0 0 
117-120.9 0 0 0 0 
113-116.9 2 0 0 0 
109-112.9 0 0 0 0 
105-108.9 0 1 0 0 
101-104.9 0 0 0 0 
97-100.9 1 1 0 0 
93- 96.9 1 0 0 1 
89- 92.9 1 0 1 0 
85- 88.9 1 0 1 0 
81- 84.9 2 0 2 0 
77- 80.9 0 0 2 1 
73- 76.9 1 1 3 0 
69- 72.9 0 3 0 0 
65- 68.9 0 1 0 0 
61- 64.9 1 0 3 0 
57- 60.9 0 2 1 0 
53- 56.9 2 0 0 1 
49- 52.9 1 0 1 0 
45- 48.9 1 0 0 0 
41- 44.9 1 0 2 1 
37- 40.9 0 1 1 2 
33- 36.9 2 0 2 1 
29- 32.9 1 0 0 3 
25- 28.9 1 1 0 0 
21- 24.9 2 1 0 2 
17- 20.9 0 0 0 4 
13- 16.9 0 1 1 0 
9- 12.9 0 1 0 0 
5- 8.9 1 1 0 2 
1- 4.9 0 3 0 3 
Mean weight 
in grams 63.8 49.8 61.2 29.7 
x 1000 
